Improvement and performance of pavement gravels used by Toowoomba Regional Council for unsealed roads by Hanson, Scott
University of Southern Queensland 
Faculty of Engineering and Surveying 
 
 
 
 
 
 
 
 
 
 
IMPROVEMENT AND PERFORMANCE OF 
PAVEMENT GRAVELS USED BY 
TOOWOOMBA REGIONAL COUNCIL FOR 
UNSEALED ROADS 
 
 
A dissertation submitted by 
 
 
Mr Scott Hanson 
 
 
 
 
 
In fulfilment of the requirement of 
 
Bachelor of Engineering (Civil) 
 
 
 
 
 
 
 
October 2010 
 
 ii 
ABSTRACT 
 
In recent years the traffic using the Australian Road Network has increased and this 
traffic is asking for the same performance from the road network, despite the 
increase in traffic volumes, wheel loads and percentage of heavy vehicles.  The 
performance of both sealed and unsealed roads is being scrutinised by road users.  
Local Road Authorities are challenged with maintaining and upgrading the unsealed 
road network with varying qualities of natural gravels to provide economical and 
durable pavements. 
 
Toowoomba Regional Council (TRC) has an extensive road network of 9650 km of 
which 3330 km are sealed and 6320 km are unsealed.  To improve the performance 
of the unsealed gravel roads an investigation was requested to determine the 
suitability and characteristics of the current gravels used. 
 
A literature review revealed that extensive research has been undertaken, in Australia 
and internationally, into the characteristics and performance of pavement gravels 
used on unsealed roads.  The diminishing quality and quantity of suitable gravels has 
led Government Agencies to investigate how to achieve optimum performance from 
these materials. 
 
This project aimed to gather information on gravels used across TRC in respect to 
their physical characteristics, the construction processes used for them, and their 
field performance.  This information was then used to identify areas where TRC 
could implement changes to improve l performance of their gravel pavements. The 
study found that changes in the gravel resheeting process currently used could lead 
to a better performing unsealed road network in the region. 
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Chapter 1 - Introduction 
1.1. Background 
1.1.1. Local Government in Australia 
 
In Australia there are three levels of government, being Federal, State and Local 
Governments. They work together to provide all the services required by the 
residents of Australia to live, work and actively participate in the communities 
throughout Australia. 
 
The Federal Government takes responsibility for the national issues of taxation and 
economic matters, security, welfare and communications.  The Federal Government 
gives assistance to both lower levels of Government in the way of funding to pay for 
the services provided to the residents of Australia. The Australian Federal 
Government is located in the Australia Capital of Canberra located in the Australian 
Capital Territory. The State Government is responsible for the issues directly related 
to the state which they govern these include health, labour, transport, education, 
police, utilities and social services. Australia is divided into 6 States being 
Queensland, New South Wales, Victoria, Tasmania, South Australia and Western 
Australia and 2 Territories which are Northern Territory and Australian Capital 
Territory. Figure 1.1 shows a Map of Australia which includes the state and territory 
boundaries and capital cities. 
 
Each State of Australia is divided into numerous Local Government areas 
(Council’s) and gain assistance from both the State and Federal Governments to 
provide the best possible services required for a safe and orderly community. Local 
Governments are responsible for making decisions on local matters that include 
issues like road construction, transport, water and waste water, libraries, 
development and community services. To fund these services the Local Government 
collects revenue in the forms of rates, fees and fines. In recent times Councils now 
deal with social, economic and cultural with assistance with the State and Federal 
Governments. 
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Figure 1.1 – Map of Australia 
 (Source: Geology.com) 
 
In the past decade, several State Governments of Australia have instigated a review 
of the Local Governments viability and performance to provide the necessary 
services to the community. Part of this review was to amalgamate neighbouring 
Councils to form a larger Council in the hope to produce better performing Local 
Governments. Victoria and New South Wales State Governments have undertaken 
this amalgamation process and Queensland State Government investigated the 
possibility of doing something similar itself. 
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In 2007 the Queensland State Government undertook a review of the financial 
viability of all Local Governments and the result of this was the number of Local 
Government areas were reduced from 157 to 73. This was achieved by 
amalgamating neighbouring Councils to form larger Councils to hopefully form 
more viable Councils in March 2008. A map showing the current Local Government 
areas in Queensland is located in Appendix B. 
 
1.1.2. Toowoomba Regional Council 
 
As part of this process Toowoomba Regional Council (TRC) was formed by the 
amalgamation of 8 existing Councils into 1 large regional Council.  The 8 Councils 
amalgamated to form TRC were the Toowoomba City Council and the Shire 
Councils of Cambooya, Clifton, Crows Nest, Jondaryan, Millmerran, Pittsworth and 
Rosalie.  
 
TRC is a ninety minute drive (130km) to the west of the capital of Queensland, 
Brisbane City and covers an approximate area of 13,000 square kilometres from the 
Great Dividing Range on the eastern boundary to the Bunya Mountains to the north-
east and the fertile farming lands to the south and west. This area is commonly 
known as the Darling Downs and is predominantly a farming region but also 
includes other businesses relating to manufacturing, health, retail, education, tourism 
and mining. 
 
The population of TRC is over 155,000 of which approximately 100,000 reside in 
the principle town of Toowoomba. Toowoomba City provides the essential services 
to the entire community of TRC and its neighbouring Local Government areas of 
health, retail, education and community services. There are towns within TRC that 
provide similar services but on a smaller scale to the immediate communities and 
these include Clifton, Pittsworth, Millmerran, Oakey and Crows Nest. 
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Figure 1.2 - Toowoomba Regional Council Area 
Source: toowoombarc.qld.gov.au 
 
Due to the complexities and distances of administrating the entire Council from a 
single centre each previous Council Office (Service Centre) still administers its 
previous local government area by continuing to provide the same services as 
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undertaken prior to amalgamation. The previous eight Council administration centres 
continue to carry out the same functions as prior to the amalgamation by providing 
the services of road works and transport functions, water, waste water, rubbish 
collection and revenue collection. 
 
As TRC proceeds along the amalgamation process a more regional focus on products 
and services provided to the public will be implemented. Presently there are some 
internal and external services being delivered or managed to some extent on a region 
wide basis these include financial, rates, water and waste water and engineering. 
 
1.1.3. Regional Projects 
 
Currently the residents of TRC are being provided 8 different levels of service based 
on the previous Councils standard. To aid in the delivery of a consistent and 
standardised service to the residents of TRC in relation to the infrastructure a 
regional approach to the programmed maintenance of its road network, which 
includes the resealing and resheeting operations, needs to be implemented. 
 
The resealing activities are currently being managed on a region wide basis while the 
resheeting operations are still being managed by each Service Centre. To progress 
the resheeting activities to a regional program an investigation of the current 
unsealed road maintenance processes and funding, gravel pavement quality and 
sources is required. 
 
During discussions with the Director of Engineering Services it was identified that 
an investigation into the current unsealed gravel road programmed maintenance 
activities undertaken by each Service Centre, which include the sources and 
specification of the pavement gravels and processes employed, would be beneficial 
in progressing this to a regional program. 
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1.2. Introduction 
 
A major part of Local Government works is the maintenance of the existing 
infrastructure including parks, buildings, stormwater pipes, water and sewer mains 
and associated pumping and treatment plants, sealed and unsealed roads to name a 
few.  TRC is no exception to this situation and is becoming increasingly more 
difficult to maintain this infrastructure to a reasonable standard with the amount of 
funds made available by the Council and the subsidies / grants provided from the 
State and Federal Governments. 
 
As with all maintenance works carried out on the infrastructure owned by TRC, there 
is the need to get the best value for every dollar spent. In the maintenance of the road 
network it is vitally important that this is achieved to provide a well maintained road 
network for rate payers of TRC and the greater community.  As the motor vehicle is 
the most used mode of transport, it is vital to provide a road network that meets the 
needs of the residents and businesses of TRC. 
 
TRC has an extensive road network of 9650 km of which 3330 km are sealed and 
6320 km are unsealed and of the unsealed road network 3022 km are gravel, 430 km 
are formed and 2868 km are unformed. The gravel road network makes up 31% of 
the entire road network and 48% of the unsealed road network. 
 
The budget for the programmed maintenance for road network in TRC for the 
2010/2011 financial year is $19.62 Million and of which $11.94 Million is for 
general road maintenance, $3.5million for sealed road resurfacing and $4.18 million 
for unsealed road resheeting. 
 
Rural areas cover the greater percentage of TRC and the majority of the unsealed 
road network service these areas.  So a well maintained unsealed road network is 
vital for the residents and businesses located in these areas and to assist TRC in 
providing this service a study into the current practises and processes employed and 
identify areas where improvements could be made would be beneficial. 
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This project will investigate the unsealed gravel road network of TRC with respect to 
the current performance of the unsealed gravel roads and the possible improvements 
that could be implemented to obtain a better and longer lasting product for the road 
users. It will also involve the investigation of the current gravels used for resheeting 
of the unsealed gravel road network. 
 
1.3. The Problem 
1.3.1. General 
 
TRC puts a significant amount of funds into maintaining the unsealed road network 
and wants to continue to provide a well performing road network to the road users.  
Every Local Government across Australia wants to provide the best performing road 
network to its rate payers, residents and visitors but there continues to be many 
obstacles to overcome to achieve this. The main hurdle is for the Council of each 
Local Government to be able to provide the necessary funds to achieve a perfect road 
network so the managers of the road network have to work with the limited funds 
made available to maintain as much of the network possible. 
 
So to achieve this there is a need to use these limited funds in the most efficient way 
and the main and largest expense on the unsealed road network is the pavement 
gravel. A well performing pavement gravel is paramount and with this being a non 
renewable resource it needs to be managed well to gain the best and longest 
performance available. This is becoming increasingly difficult as the current traffic is 
asking more of the road network with the increase in size of the vehicles and the 
traffic volume 
 
This is the similar case across every rural Local Government area in Australia. To 
achieve this TRC requires the use of a good quality well performing pavement gravel 
and a well constructed road profile on this road network.  
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1.3.2. Existing Situation 
 
Currently TRC accesses pavement gravels across the entire Council area with 
varying characteristics which require different treatments to achieve a pavement 
gravel that can stand up to the current rigours of traffic and weather.  The pavement 
gravels are acquired from quarries or pits that are either privately or TRC owned. 
 
Since TRC covers a large area the types of the gravels used vary considerably 
between districts and together with this the quality and availability of the pavement 
gravels also vary across Council. Most of the gravel sources for the resheeting of the 
unsealed roads are from pits that have been in operation for many years and the 
better quality gravel has been used is becoming increasingly harder to locate. The 
gravels used are normally sourced from quarries located close to the job site to 
reduce the cartage costs. Some of the gravels now being sourced are of a poorer 
quality which reduces the performance of the gravel, reducing the resheeting time 
period and increasing the maintenance required on the road. 
 
1.3.3. Possible Solutions 
 
There are several possible solutions to deal with the reducing quality and quantity of 
available pavement gravels in TRC which are not feasible at this time. This may 
change as time progresses and situations or techniques / processes improve. In TRC 
some options have been discussed and/or investigated which are to use gravels from 
other pits, chemically modify existing gravels or to use a crushed rock material. Each 
of these are not viable options to the current processes employed by TRC. 
 
Currently there are 133 gravels pits identified in TRC which are or have been 
accessed by Council for road construction or maintenance activities. Of these, 61 pits 
are closed or the gravel is not preferred by TRC for use on the road network. The 
closed pits could be because the property owner does not want anymore removal of 
material, wants the gravel for their own use or the gravel has all been removed. Also 
the material in these pits may be used for activities other than resheeting. There are 
23 pits that are preferred to be accessed for construction and maintenance activities 
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across TRC and this number includes the privately and TRC owned and 
commercially run quarries. 
 
The commercial quarries supply a crushed rock material which is unsuitable to be 
used on unsealed roads as it does not contain the correct fine material to hold the 
gravel together, but is the preferred material for bitumen sealed roads. With the lack 
of the fine material this gravel is very susceptible to the formation of corrugations 
and ravelling making it unsuitable to be used on the unsealed road network unless 
modified in some way to produce a more suitable material. 
 
Pavement gravels can be chemically stabilised and modified to produce a gravel that 
will satisfactorily perform on the unsealed road network. Currently TRC modify 
gravels by mixing two different types together but do not chemically stabilise as this 
is a costly process and needs to be tailored to each type of gravel to identify which 
method gives the best result. To evaluate the treatments, trials need to be undertaken 
and this can be a costly and time consuming process which Councils can not 
normally fund or have the expertise to manage. The modification of pavement 
gravels is the most cost effective and achievable option to Council at the moment 
 
Paramount to all these possible solutions is the proximity of the gravel source to the 
job site as transportation costs can and do decide from where gravel is sourced. As it 
may be more cost effective to modify these close gravels than transport better quality 
gravels a larger distance.  
 
 
1.3.4. Project Intention 
 
The declining gravel quality and quantity has not happened overnight and processes 
have been employed by each district and other road building authorities to produce a 
material that will perform to a satisfactory level. This project is to investigate the 
current gravels and their performance on the unsealed road and compare these to 
other local authorities and to current industry standards and recent research. 
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1.4. Research Objectives 
 
To produce relevant outcomes to assist TRC in improving the performance of the 
pavement gravels used on the unsealed road network, the following objectives were 
identified: 
 
1. Compile and acquire knowledge of the current pavement gravels used and 
their specifications. This will include the gathering of local knowledge from 
the current people using these gravels in regard to their performance and 
current processes implemented in the use of these gravels. 
2. By means of a literature review, determine the current practices and 
techniques employed by other organisations to improve the performance of 
their unsealed road networks and gravel pavements. 
3. Assess the properties of the pavement gravels used across TRC and how they 
could be improved 
4. Identify possible commercially available products to improve the pavement 
gravels performance. 
5. Identify methods that may assist in improving the performance of current 
pavement gravels used by TRC. 
1.5. Conclusions 
 
This dissertation will review the current industry standards employed in Australia 
and Overseas on the unsealed road network in relation to the property characteristics 
of the pavement gravels, their performance and how to improve the pavement 
gravels to reduce the intervention period for resheeting and reduce the cyclic 
maintenance activities. 
 
It will provide TRC with relevant information to determine the current effectiveness 
of its pavement gravels and procedures being employed on the maintenance of the 
unsealed road network. 
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Chapter 2 - Literature Review 
 
2.1. History of gravel pavements in Road Construction 
There are records of roads being built to a specification back to 450 BC in the 
Roman Empire where widths were specified for the road hierarchy (Wikipedia, 
2010) and evidence of street paving has been found in human settlements around 
4000BC. The Roman roads were built with the main purposes of allowing troop 
movement, trading of goods and produce and for communication which not 
dissimilar to the intention of the modern day road system. 
 
The Roman roads used varying sizes of crushed stone as underlying layers with the 
placement of larger stones on top to produce a smooth ride for the transport back in 
that time of horse drawn carriages. This early road engineering was further advanced 
by Thomas Telford and John Lorden McAdam in the late 1700’s and early 1800’s to 
design a road using different stone/material applied in different layers to form the 
road pavement which was the basis of the current approach to road pavement design. 
(Wikipedia, 2010) 
 
Since then there has been advancements in the road design with the incorporation of 
water to assist in binding the materials together and using locally sourced natural 
gravel material for the road pavements. 
 
From those early road building times, there have been improvements developed in 
the pavement design and studies into the materials suitability for use on roads and 
this has allowed the extension of the unsealed road network to the rural areas of 
Australia. This road network allows these communities to have similar opportunities 
of travel, communication and transportation of goods as was the requirement of the 
Roman roads some 2500 years ago.  
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2.2. Sources of Gravels and Soil Types 
 
Pavement gravels used on the unsealed road network are locally sourced from nearby 
pits or quarries. These locally available pavement materials have been and will be 
used on the unsealed road network because it is far more economical to use these 
materials than to cart in commercially available pavement materials.  Council’s have 
been using local materials for many years and over this time processes have been 
formulated on how best to treat these materials to get the best performance from 
them. Unfortunately these processes are not usually documented instead they are 
handed down from supervisor to supervisor during the course of their work. 
 
These locally available materials are usually naturally occurring weathered rock, soft 
rocks, ridge gravels, stream gravels, sands and clays. The type of material available 
in Australia is dependant on the soil type in your area.  ‘Metcalf (1978) reported that 
these naturally occurring materials are being used successfully throughout Australia 
on the unsealed road network where the traffic volume is low and the understanding 
of the local environment is essential and is taken into account. Also the design, 
construction and the maintenance undertaken is required to be appropriate to the 
local conditions and suitable quality controls are in place to produce similar 
performing unsealed roads’. ‘Netterberg and Paige-Green (1988) recommend that if 
the traffic, climatic and drainage conditions are favourable that non-standard 
pavement materials can be used in all pavement layers in road construction’ 
 
2.3. Gravel Specifications 
 
There are gravel specifications adopted by several different countries across the 
world for use on their unsealed road network and countries for which guidelines 
have been formulated and identified as part of this review is Australia, South Africa, 
New Zealand and Romania. During the review it was identified that depending on 
the pavement approach taken of either using a one or two-layered pavement design 
the gravel specifications are different. ARRB (2009) recommend the use of the two-
layered approach the current construction method employed in Australia and South 
 13 
Africa is the one-layered pavement design and it is the specification of where the 
gravel is to perform as a base and wearing course that is more relevant to TRC. 
 
Australian Road Research Board (ARRB) has produced a guideline, “Pavement 
Materials in Road Building - Guidelines for making better use of local materials” in 
which they gathered information across Australia on how different types of 
pavement materials perform. The information gathered was from local experience, 
soil characteristics and case studies. This shows that local experience is an important 
part of understanding how to get the best out of locally available materials. 
During investigating the literature for this project it has been evident that South 
Africa and Australia has been carrying out numerous studies in increasing the quality 
of the available pavement materials and the performance of these to reduce the 
maintenance costs.  South Africa has an immense network of unsealed roads which 
is approximately 75% of the total road network and the unsealed road network 
makes up approximately 95% of the low volume road network 
 
ARRB (2009) has specified separate grading limits from their studies for a wearing 
and base course gravel and the wearing course gravel is shown for both Australia and 
New Zealand are shown in Figure 2.1 and the required Plasticity Index (PI) for the 
annual rainfall and for TRC it is 600-800 mm/year. 
 
 
Figure 2.1 - Wearing Course Specification, Australia & New Zealand 
(Source ARRB, 2009) 
 
When using a wearing course gravel it is required that a base course gravel be used 
below in a two-layered pavement design and the grading required for this gravel is 
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dependant on the maximum size of the material and if it is a crushed rock or natural 
gravel as distinguished by (a) or (b) respectively in Figure 2.2 and again the PI value 
is dependant on the annual rainfall. 
 
 
Figure 2.2 - Recommended Grading Limits for Basecourses (with a wearing 
course) 
Source ARRB (2009) 
 
‘Paige-Green (1989) developed specifications for the selection of pavement 
materials for unsealed roads from studies undertaken on existing roads. Figure 2.3 
details the recommended material specifications for unsealed rural roads and Figure 
2.4 shows a diagrammatic indication of expected performance of wearing/base 
course gravels.  The testing of the materials were carried out using South African test 
methods which were based on the American methods, to have this more 
internationally relevant similar test using the British methods was also undertaken 
which produced similar results. 
 
Maximum size (mm) 37.5 
Maximum oversize index (Io) 5% 
Shrinkage product (Sp) 100-365 (max. Of 240 preferable) 
Grading coefficient (Gc) 16 – 34> 
Soaked CBR (at 95% Mod AASHTO Compaction) 15 % 
Treton impact value (%) 
(This an aggregate crushing value) 
20 – 65 
Io = Oversize index (% retained on 37.5 mm sieve) 
Sp = Linear shrinkage x % passing 0.425 mm sieve 
Gc = (% passing 26.5mm - % passing 2.0mm) x % passing 4.75 mm) / 100 
 
Figure 2.3 - Recommended Material Specifications for Unsealed Roads 
Paige-Green (1989) 
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Figure 2.4 - Diagrammatic indication of Expected Performance of 
Base/Wearing Course 
Source: Paige-Green (1989) 
 
The International Bank for Reconstruction and Development (IBRD) funded the 
development of a ‘Maintenance Manual for Low Cost Rural Roads in Romania’ by 
the Louis Berger Group based in Washington DC, USA and the gravel specifications 
formulated for this manual with separate grading envelopes dependant on the 
maximum stone size, as similar to the ARRB has developed for Australia, for a 
wearing/base course gravel are shown in Figure 2.5 and the Atterberg Limits are 
detailed in Figure 2.6.  
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Figure 2.5 - Particle Size Distribution for Gravel Surfacing, Romania 
Source: Radulesu (2005) 
 
 
Figure 2.6 - Plasticity Characteristics for Gravel Surfacing, Romania 
Source: Radulescu (2005) 
 
The supply of good gravels are becoming harder to source and the quality of existing 
deposits is also diminishing and there are products and processes available to 
improve the performance of these average pavement materials. This process is 
generally known as stabilisation, it is the process of adding an additive to the gravel 
to improve its performance. 
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Stabilising additives commonly used are: 
• Plastic fines (loam, clay) 
• Granular materials 
• Portland cement 
• Lime (hydrated lime and quick lime) 
• Cementitious blends 
• Bitumen including emulsions and 
• Chemicals, including polymers 
 
‘Robinson (1999) reports that the most common stabilising agent used in Australia is 
the cementitious blends and to ensure adequate performance the correct stabiliser is 
required for the material being treated’. This is true for the current stabilising works 
currently being carried out within TRC.  The correct application rate and suitable 
construction plant and techniques are required to ensure good performance from the 
stabilising product. The uses of the products require to be investigated to gauge the 
suitability to the material to be treated as these stabilising agents are expensive. 
Johnson (2008) agrees that there has been limited investigation and documentation 
of the stabilising products to allow engineers to make an informed decision on the 
correct additive to use and that the results obtained are usually restricted to that 
material. This would be the case across TRC as there are numerous different types of 
gravels used on the unsealed road network. 
 
When using either good or average pavement materials they will only last if the 
construction techniques used are suitable to that material. As stated by Robinson 
(1999) to get the best performance from the local pavement materials the 
construction methods employed need to be from sound engineering techniques and 
as in all construction drainage is a vitally important aspect.  No gravel how good or 
bad it is will not perform if the drainage works are not adequate. 
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2.4. Construction Techniques 
The need to get the road profile and the drainage correct is paramount to the 
performance of the unsealed road. A well performing unsealed road needs have some 
good basic construction techniques employed when constructing a new or 
maintaining an existing unsealed road. The road crossfall needs to be sufficient to 
allow the water to drain off into the table drains and remain as long as possible under 
traffic loadings so premature maintenance is not required. ‘Robinson and Roberts 
(2009), Radulescu (2005) and Paige-Green (2007) specify that a well shaped road is 
required to allow adequate drainage of water from the road. They specify a crossfall 
between 4 – 6% is required with a crown built in the centre of the pavement’. There 
should be no flat areas on an unsealed road where water may pond resulting in 
surface defects in the form of potholes, depressions and rutting to occur. 
 
The water table drains and catch drains that receive the water from the road and 
beyond needs to take this water away as quickly as possible away from the road to 
reduce the chance of the pavement becoming saturated and deteriorate. This 
reinforces the view of ARRB that the three most important principles in building and 
maintaining a road are drainage, drainage and drainage. ‘The drainage principles as 
specified by Robinson and Roberts (2009) is to take water away from the road with 
the use of table drains, mitre and cross drains as soon as possible and to intercept 
water before it flows onto the road by using catch banks on the tops of cuttings and 
sufficient number of culverts’. Figure 2.7 shows the recommended profile and 
dimensions for a V and trapezoidal shaped table drain. Radulescu (2005) and 
ARRB(2009) specifies that the table drains and catch drains should have sufficient 
longitudinal slope to reduce the chance of silting to occur and cause water to pond 
but should not be at a grade that will promote erosion to develop and Bofinger et al. 
(1990) recommends a maximum grade of 5% (1:20) in unlined drains. This would 
not be a problem in the flatter areas on TRC but would be not be achievable in the 
higher country and is these instances other erosion techniques would need to be 
installed such as drop and catch walls. 
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Figure 2.7 - Open Table Drain Construction Types 
Source: ARRB (2009) 
 
Radulescu (2005) and ARRB (2009) identify that road widths can affect the roads 
performance due to the habits of the traffic and where they travel on the road 
pavement. A main reason behind road surface defects forming is the provision of 
inadequate road crossfall and if the traffic run along the centre of the road (crown) in 
both directions, it receives double the loading than the outside wheel paths and this is 
where a reasonable road crossfall is required to stand up to this extra loading. ARRB 
(2009) calls this the three-wheel effect where there is the formation of three distinct 
wheel tracks on the road and to combat this there are recommended road widths for 
unsealed roads as shown in Table 2.1 to try a reduce the chance of this developing. 
 
Description Two-lane two-way road One-lane two-way road 
Traffic lane 3.0m 3.5m 
Shoulder 0.5m 1.0m 
Carriageway 7.0m 5.5m 
Table Drain 1.0m 1.0m 
Table 2.1 - Suggested Minimum Unsealed Road Cross-section Widths 
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2.5. Environmental Considerations 
 
As highlighted in 2.3 Gravel Specifications and stated by ‘Paige-Green (2007) the 
conservation of gravel is becoming an ever increasing problem, both from the 
decreasing availability of suitable construction materials and the legislative (mostly 
environmental) points of view.’ In Queensland the Department of Environment and 
Resource Management (DERM) control the licensing of pits and quarries and 
recently TRC went through a licensing procedure for Scrubby Mtn Pit in Pittsworth 
District and it took approximately 6 months of submission preparation and further 
information requests and evaluation by DERM before a licence was granted. 
 
With Australia being the dries continent on earth dust from the unsealed road 
network is of great concern in that the dust is the fines of the material and will 
reduce the performance of the road and the dust can cause problems to adjoining 
farms in crop and grass production and nuisance to nearby residents. ‘Paige-Green 
(2007) specifies that the modelling of gravel loss through dust is between 20-25mm 
every year. 
 
Dust from unsealed roads is a real problem more populated areas is a reason behind 
many complaints from the residents along these roads. Unless seals to these roads are 
undertaken, these complaints will continue. As sealing is an expensive operation, 
Councils can not consider this a viable option and the use of dust suppressants could 
provide a cost effective alternative. There are numerous dust palliatives available. 
‘Jones, Sadizik and Wolmarans (2001) reports that very few have had any research 
undertaken on their effectiveness other than the suppliers information.’  These are 
used in mining operations where dust is a major problem but their effectiveness on 
the unsealed road network is still unknown. 
 
Dust is an immense concern for the road maintenance operations as this dust is the 
fines of the gravel being eroded away. In still conditions most of this dust will settle 
back on the road but if only a slight breeze is present this dust will settle away from 
the road. This can result in problems to the neighbouring environment and land 
users. ‘Jones, Sadizik and Wolmarans (2001) reports that the loss of these fines from 
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the pavement gravels contributes to the gravel loss from the unsealed roads and 
inturn will decrease the intervention time for maintenance’. If the loss of the fines in 
the form of dust can be controlled the rate of gravel loss will be reduced and also the 
requirement for maintenance will be reduced. 
 
2.6. Conclusion 
 
The literature review has highlighted that there is a reasonable amount of research 
dealing with the performance of pavement gravels in Australia and internationally 
and the reports reviewed have shown that Australia is not the only country that has a 
large unsealed road network that requires constant upgrading and maintenance. 
 
The reports show that all the countries investigated as part of their studies have 
similar problems to Australia and the processes to rectify them are also very similar. 
This study will compare the current procedures and construction techniques 
employed across TRC to these reports, manuals and studies conducted in Australia 
and internationally. 
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Chapter 3 - Methodology 
3.1. Outline 
To achieve the aims and objectives of this project the following task will need to be 
undertaken: 
• Background Information Gathering 
• Material testing 
• Site Determination 
• Field inspections and monitoring 
• Tabulate and Analyse results 
 
3.1.1. Background Information Gathering 
 
To eventually provide some information on how to improve the performance of 
pavement gravels firstly, there is a requirement to know what the existing processes 
being undertaken are and the properties of the pavement materials being used. 
 
To gather this information will require the survey of the employees of TRC who are 
directly involved in undertaking the maintenance of the unsealed road network. This 
will include the engineers, technical officers and work coordinators of the respective 
service centres. 
 
3.1.2. Material Testing 
 
To assist in analysing the pavement gravels used uniform tests will be required.  To 
ensure accuracy of the results a NATA registered soil laboratory will be used to 
perform the tests. TRC has a NATA registered lab at its Millmerran Works Depot.  
Where this lab can not perform the required test another NATA registered lab will be 
used. All tests will be carried out as per the Australian Standard AS1141. 
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The gravel samples obtained from the quarries/pits and the road will be put through 
the same tests. These tests will be a grading test (Particle Size Distribution) and the 
group of test called the Atterberg Limit Tests which will supply the following 
information: 
 
• Liquid Limit 
• Plasticity Limit 
• Plasticity Index 
• Linear Shrinkage 
 
3.1.3. Trial Sites Determination 
 
The quarries from which the pavement gravels are being sourced from are either 
TRC or privately owned and it will be these that will be assessed.  These roads will 
be nominated by the engineering staff at the respective service centres and this will 
allow them to nominate roads and/or gravels which they would be interested in 
having evaluated. 
Also a factor in the determination of the trial sites is when the resheeting works is 
being undertaken.  For this assessment of the pavement gravels to be consistent I will 
need to undertake the initial inspections directly after the resheeting works has been 
completed. In some cases the inspections have not been able to be completed until 
some time after the resheeting was completed.  These sites will be assessed from the 
inspection date if the time lapse is of a significant duration. 
 
3.1.4. Field Inspections and Monitoring 
 
To assess the performance of the pavement gravels field inspections and monitoring 
will be required.  It is my intention to monitor an unsealed road in each district of 
TRC.  As stated above I have identified two sites with the assistance of engineering 
staff in the respective district. 
The inspections and monitoring will record the following data: 
• Roughness 
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• Road geometry (Crossfall, table drains, vertical & horizontal geometry) 
• Visual inspections 
• Maintenance interval 
• Weather events 
• Traffic Volumes 
• Traffic Speed 
• Traffic Classes 
 
The roughness of the road will be measured using a vehicle mounted roughness 
meter manufactured by the Australian Road Research Board (ARRB). These devices 
are used extensively locally and internationally. As well as a tabulated result the 
roughness meter is linked to a Global Positioning System (GPS) which can show the 
horizontal alignment of the road spatially on a map. 
To collect the traffic data of traffic volumes, speed and classes a traffic counter 
produced by Metrocount will be used to obtain this data. These traffic counters are 
used extensively in Australia and Internationally. 
3.1.5. Tabulate and Analyse Results 
 
The information gathered from the activities stated above will be tabulated so a 
review of this information can be undertaken. This tabulated information will include 
but not be limited to the following information: 
• Pavement gravel specifications 
• Maintenance intervention periods 
• Commercially available products to improve gravel performance 
• Current maintenance procedures 
The analysis of the information gathered for this project will determine the 
effectiveness of the current pavement gravels used and the processes applied for the 
maintenance of the unsealed roads within TRC. 
 
From this analysis it will identify areas where improvements can be made to the 
quality/specifications of the pavement gravels and maintenance processes employed. 
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Chapter 4 - Trial Sites, Inspections and Results 
4.1. General 
 
Each district was approached to provide two roads each for inclusion in this study 
and every district responded except Greenmount. Also to give this study enough 
breadth it was requested that each road had a different pavement gravel source and 
this was achieved in five of the seven districts. The location maps showing the roads 
and the gravels sources are included under the respective district detailed below. 
 
To properly evaluate the performance of the pavement gravel various surveys were 
undertaken so a comparison could be undertaken these included taking cross section 
details, visual evaluation of drainage and road surface, traffic surveys, roughness 
measurements and tests of the pavement gravels. 
 
Listed in Table 4.1 below are the roads being investigated for this project. 
 
District Road Name Gravel Source 
Clifton McGovern Road Weidman’s Pit 
 Felton View / Snell 
Road 
Weidman’s Pit 
Crows Nest Pierces Ck Road Johnston’s Pit & Emu Ck 
Rd 
 Bluff Road Taylor’s Gravel & Somerset 
Regional Council Pit 
Oakey Brimblecomb Road Klein Pit 
 McIntyre Rd Bald Hill Pit 
Millmerran Hornicks Road Wanka’s Pit & Bland 
Crushed Rock 
 Gillespies Dam Road Willet’s pit & Andersons Pit 
Pittsworth Bailey Road Scrubby Mt Pit 
 Keeley Road Scrubby Mt Pit 
Goombungee Thuns Road Boundary Pit 
 Wrights Road Jensen’s Pit 
Toowoomba Brisbane Place 50% 2.2 Gravel, 50% 
Millings 
 Magg St 100% asphalt millings 
Table 4.1 - Trial Site Details 
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4.1.1. Road Inspections 
 
An initial road inspection was carried out at random chainages along the road and all 
subsequent inspections were undertaken at the same location. This information 
would assist in evaluating how the road was performing under traffic and allow an 
assessment of the construction procedures used meet the current industry standards.  
  
Each inspection included undertaking details of the road cross section and road 
condition this information gathered included: 
• Crossfall (%) 
• Longitudinal Grade (%) 
• Pavement Width (metres) 
• Corrugation Depth (mm) 
• Rutting Depth (mm) 
• Drainage (Visual) 
• Road Surface (Visual) 
•  
An inspection sheet was filled out for each inspection of the road and is included in 
Appendix C – Inspection Sheets and a summary of the inspections will be included 
in the following sections for each district. 
 
4.1.2. Traffic Counts 
 
To assist in evaluating the roads knowledge of the traffic using these roads is 
required and to obtain this data traffic counts were undertaken or existing 
information was sourced. Traffic information was available from most districts and 
where information was non-existent traffic counts were undertaken by a roadside 
unit. The information sourced from the traffic count results is the Average Annual 
Daily Traffic (AADT) and the percentage of heavy vehicles using the roads. The 
traffic counters used by TRC are manufactured by Metrocount, a Western Australian 
Company which are used extensively by road authorities in Australia and overseas. 
The traffic counters can produce reports detailing the traffic volumes down to 15 
minute intervals, vehicle speed and vehicle class and for each road the traffic count 
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will be summarised into a table detailing the average vehicles per day and the 
percentage of heavy vehicles for each road. A sample of the reports from the traffic 
counters is located in Appendix D – Traffic Count Reports. 
 
4.1.3. Road Roughness 
Also part of the road surveys a roughness survey was undertaken with a vehicle 
mounted roughometer developed and manufactured by ARRB. Together with 
measuring the roughness of the road, GPS coordinates are recorded so the results can 
be represented graphically. The outputs from the surveys will be graphically 
represented and shown in each district in this Chapter. Sample of the reports from 
the roughometer and the map generated from the IRI values and the GPS coordinates 
for Pierces Creek Road in Crows Nest District will be included in Appendix E – 
Roughness Reports. 
 
Some of the roughness surveys included the entire length of the road that included 
areas not part of the resheet length and sections of the road that had a bitumen seal 
and these sections will be marked on the graphs. In some instances 
maintenance/grading works were carried out on the entire length of the road and this 
will allow comparing the performance of the existing gravel and the pavement gravel 
used for the resheet. 
 
The graphs produced show the International Roughness Index (IRI) value for a 
predetermined interval distance which for all the surveys is set at 100 metres except 
for Toowoomba District Roads where 20 metres has been chosen due the length of 
the road being surveyed. 
4.1.4. Pavement Gravel 
The pavement gravels used for the resheet works on each of the identified roads are 
to be tested so an evaluation can be undertaken to compare the characteristics of the 
gravel used on the unsealed road network in TRC to the current standards. The 
material tested will be the actual gravel used on the roads being investigated for this 
project. Where possible the gravel samples will be sourced from the stockpiles used 
for the resheet works or samples taken from the actual road where no stockpiles 
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remain or blends of gravels have been used. Where blended gravels have been used, 
test will be undertaken on the blended gravel and the raw sources of this mix to 
allow a comparison of whether the mix proportions are producing a suitable 
pavement gravel. 
 
All gravels used in the resheet program are required to be mechanically conditioned 
to produce a product that is suitable to be used on the road and currently TRC 
employ the methods of using a grid roller and rock buster for conditioning the raw 
gravel onsite and a mobile crushing plant is placed in the actual pit where larger 
quantities are required to be produced. The quantity of material allowed to be treated 
at each pit depends on the pits certification where a pit with no certification a 
maximum limit of 5000 tonnes is allowed to be won where a pit with certification 
under the Department of Environment and Resource Management (DERM) can win 
up to 100,000 tonnes. For the 10/11 financial year TRC will require approximately 
200,000 tonnes just for the resheet program without taking into account of general 
maintenance and construction works. 
 
 
Figure 4.1 - Mobile Crushing Plant, Scrubby Mtn Quarry Pittsworth 
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Figure 4.2 - Rock Buster 
 
 
Figure 4.3 - Grid Roller 
 
The gravel results will be summarised under each district with the information 
required to perform the evaluation and the actual test results performed by the soil 
laboratory will be located in Appendix F – Gravel Test Reports. 
 
To produce the required values for the evaluation the following equations will be 
used to calculate the Shrinkage Product and the Grading Coefficient. 
 
Shrinkage Product = LS x % passing 0.425mm   Equation 4.1 
 
Grading Coefficient = ( % passing 26.5mm - % passing 2.0mm) x % passing 
4.75mm / 100       Equation 4.2 
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4.1.5. Weather Events 
For the duration of the inspections there were two rain events that could expiate 
deterioration of the gravel pavements on the trial roads. These events occurred on 
10th and 23rd August 2010 which are between the first and second surveys completed 
on some roads and further rain events occurred in September 2010 prior to some 
final inspections and during the period of July to September TRC received 
approximately 100 -200mm of rain.  
4.2. Clifton District 
4.2.1. Site Details 
The two roads chosen to be part of this project in Clifton District are McGovern 
Road and Felton View / Snell Road which are shown on Figure 4.4 below. Also 
shown is the pit from which the gravel was sourced for the resheet works. 
 
Figure 4.4- Clifton District Roads 
 
Table 4.2 provides the information of the two roads being investigated including the 
general location, road information, gravel source and traffic count information.  
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General Site Information 
District Clifton Clifton 
Road Name 
Felton View Road / Snell 
Road 
McGovern Road 
From Cliton - Pittsworth Road Gatton – Clifton Road 
To Millbrook Road Moar Road 
Reference 
00 – Cliton - Pittsworth 
Road 
00 – Gatton Clifton Road 
Chainage (km) 00 – 3.04 00 – 4.47 
Resheet section 1.95 – 3.04 1.63 - 3.01 
AADT 50 27 
Heavy Vehicles (%) 18 18 
Direction of Travel South and East East 
Gravel Source Weidman’s Pit Weidman’s Pit 
Gravel Depth 150mm 150mm 
Resheet Date Nov 2009 Nov 2009 
Table 4.2 – Clifton District General Site Information 
4.2.2 Inspection Detail 
As detailed in Section 4.1.1 two field surveys were undertaken on each road and a 
summary of the road survey forms are located in Appendix C – Inspection Sheets. 
Table 4.3 and Table 4.4 summarises the information gathered from the field 
inspections providing an overall picture of the road profile and condition. 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 18/07/2010 24/08/2010 
Road Name Mc Govern Road 
Cross Section Chainages 
(km) 
1.675 2.22 2.785 
Crossfall Range (%) -0.5 to -2.2 +0.6 to -5.1 
Average Crossfall (%) -1.45 - 2.0  
Average Rutting Depth 
(mm) 
16 0 
Corrugation Depth Nil Nil 
Table Drain Condition Overall Good Overall Good 
Surface Condition 
Loose material outside 
wheel tracks 
Loose material outside 
wheel tracks, Wheel 
marks evident 
General Notes 
3-wheel effect for entire 
length of resheet section 
3-wheel effect for entire 
length of resheet section 
Table 4.3 – McGovern Road Inspection Summary 
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Inspection Detail Survey 1 Survey 2 
Survey Date 18/07/2010 24/08/2010 
Road Name Felton View and Snell Roads 
Cross Section Chainages 
(km) 
1.955 2.305 2.805 
Crossfall Range (%) -1.3 to -7.4 -1.3 to -7.9 
Average Crossfall (%) -3.9 -4.1  
Average Rutting Depth 
(mm) 
12 16 
Corrugation Depth Nil Nil 
Table Drain Condition Overall Good Overall Good 
Surface Condition 
Loose material outside 
wheel tracks 
Loose material outside 
wheel tracks, Wheel 
marks evident 
General Notes  
Water flowing down 
wheel tracks 
Table 4.4 – Felton View Road and Snell Road Inspection Summary 
 
A roughness survey was undertaken during each road inspection using a vehicle 
mounted roughometer as described in Section 4.1.3.  
The graphical results for both surveys for Felton View Road and Snell Road are 
shown in Figure 4.5 below. The roughness survey included the full length of Felton 
View Road and Snell Road which includes the two bitumen sealed sections, a 
section of existing gravel and the final section from chainage 1.94km being the 
resheeted section and the shown on the figure is the average IRI value for each 
survey.  
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Roughness Survey - Felton View & Snell Roads
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Figure 4.5 - Roughness Survey - Felton View Road and Snell Road 
 
The roughness survey results undertaken on McGovern Road are shown below in 
Figure 4.6 detailing the different road surfaces included in the survey. The survey 
extended from the Gatton – Clifton Road to Moar Road as detailed in above 
Inspection summary which included the resheet section from chainage 1.6km to 
2.99km as highlighted in the figure below.  The average IRI value has reduced from 
2.4 from the initial survey in August 2010 to a value of 2.4 in the survey conducted 
in September 2010. It is a slight difference which could be attributed to the wet 
weather between the surveys and the compaction effect of the traffic. 
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Roughness Survey - McGovern Road
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Figure 4.6 - Roughness Survey - McGovern Road 
 
4.2.2. Gravel 
 
The pavement gravel used on both roads in Clifton District was sourced from 
Weidmans Pit which is the main source of gravel for the resheeting works. There are 
no other pits in the Clifton District that produce the required quality and quantity of 
gravel for the resheet program. This pit is centrally located in the district so is easily 
accessible from all areas. To get this gravel into the required condition a mobile 
crushing plant is used to produce the required product and this is normally done once 
a year. 
 
The results required to undertake the necessary evaluations are a Particle Size 
Distribution Test (grading test) and the Atterberg Limit Tests which are summarised 
below in Table 4.5 and also included are the values that need to be generated to 
undertake other evaluations. The actual test results are included in Appendix F – 
Gravel Test Reports. 
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 Clifton District 
 Weidman Pit Weidman Pit 
 Windrow East Windrow West 
Particle Size Distribution Percent Passing 
Sieve Size (mm)     
75 100 100
53 100 100
37.5 100 100
26.5 100 100
19 77 77
9.5 45 45
4.75 28 29
2.36 18 20
0.425 9.1 12
0.075 5.4 8.1
Atterberg Limit Tests 
Liquid Limit (LL) 24.2 21.8
Plastic Limit     
Plasticity Index (PI) 8.4 6.6
Linear Shrinkage (LS) 4.6 3.8
PI x % passing 0.425mm 77 81
Shrinkage Product 42 47
Ratio 0.075/0.425 0.59 0.66
Grading Coefficient 22.96 23.2
Table 4.5 - Clifton District Gravel Test Results 
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4.3. Crows Nest District 
4.3.1. Site Details 
The two roads chosen to be part of this project in Crows Nest District are Bluff Road 
and Pierces Ck Road which are shown on Figure 4.7 below. Also shown is the pit 
from which the gravel was sourced for the resheet works. 
 
Figure 4.7 - Crows Nest District Roads 
 
Table 4.6 is the information of the two roads being investigated including the 
general location, road information, gravel source and traffic count information. The 
traffic volume for Pierces Creek Road has been taken close to the town of Crows 
Nest, not near the section of the road as part of the investigation which is 
approximately 25 km away and a traffic count is required nearer this section of road. 
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General Site Information 
District Crows Nest Crows Nest 
Road Name Bluff Road Pierces Ck Road 
From Anduramba Road Emu Ck Road – Emu Ck 
To Maria Creek Road End of Gravel 
Reference 00 – Anduramba Road 
00 – Emu Creek Road, 
Crows Nest Town 
Chainage (km) 1.95 – 3.04 25.43 – 30.00 
AADT 38 
655 (near edge of Crows 
Nest Town) 
Heavy Vehicles (%) 12 10 
Direction of Travel East North 
Gravel Source 
Section 1 – Taylor Gravel 
Pit (Ravensbourne) 
Section 3 – Somerset 
Regional Council 
50% Tony Johnstons Pit 
and 50% Emu Ck Rd Pit 
Gravel Depth 
Section 1: 120mm 
Section 3: 100mm 
100mm 
Resheet Date April 2010 June 2010 
Table 4.6 - Crows Nest District General Site Information 
 
4.3.2. Inspection Details 
 
As detailed in Section 4.1.1 two field surveys were undertaken on each road and a 
summary of the collected information is shown below and the road survey forms are 
located in Appendix C – Inspection Sheets. Table 4.7 and Table 4.8 summarises 
the information gathered from the field inspections providing an overall picture of 
the road profile and condition. 
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Inspection Detail Survey 1 Survey 2 
Survey Date 09/07/2010 11/10/2010 
Road Name Bluff Road 
Cross Section Chainages 
(km) 
0.08  1.16 3.67 8.86 12.77 
Crossfall Range (%) -0.9 to -4.3 -0.6 to -8.9 
Average Crossfall (%) -2.2 - 3.9  
Average Rutting Depth 
(mm) 
Nil Nil 
Corrugation Depth Nil Nil 
Table Drain Condition Overall OK Overall OK 
Surface Condition 
Corrugations, rutting and 
potholes developing in 
sections. Tight surface, 
Some loose material on 
edges 
Corrugations, rutting and 
potholes developing in 
sections. Fines washed 
from surface 
General Notes 
3-wheel effect for entire 
length of resheet section 
3-wheel effect for entire 
length of resheet section 
Table 4.7 - Bluff Road Inspection Summary 
 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 17/07/2010 22/08/2010 
Road Name Pierces Ck Road 
Cross Section Chainages 
(km) 
2053 3163 4323 
Crossfall Range (%) -1.3 to -3.2 -0.7 to -5.5 
Average Crossfall (%) -2.3 -2.4  
Average Rutting Depth 
(mm) 
Nil 12 
Corrugation Depth Nil Nil 
Table Drain Condition Overall Good Overall OK 
Surface Condition 
Loose material outside 
wheel tracks in places, 
tight smooth surface 
Loose material outside 
wheel tracks in places, 
tight smooth surface 
General Notes  
Tabledrain eroding in 
steeper sections 
Table 4.8 - Pierces Ck Road Inspection Summary 
 
A roughness survey was undertaken during each road inspection using a vehicle 
mounted roughometer as described in Section 4.1.3. The graphical results for both 
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surveys for Bluff Road and Pierces Ck Road are shown in Figure 4.9 and Figure 4.9 
respectively below. 
 
The roughness survey included the full length of Bluff Road which includes 3 
sections the first and third sections being gravel and section 2 having a bitumen 
sealed surface which are shown in Figure 4.8. The pavement gravels for Bluff Road 
have been sourced from different pits with section one being sourced from Taylor’s 
gravel pit at Ravensbourne and section three gravel sourced from a pit located in 
Somerset Regional Council further down Bluff Road. The average IRI for each 
section of road and survey completed are also shown in Figure 4.8 together with the 
respective values.  
 
 
Individual result for each survey has been included in Appendix E – Roughness 
Reports. 
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Figure 4.8 - Bluff Road Roughness Survey 
 
Figure 4.9 shows the roughness survey results for Pierces Ck Road which has 4 
sections requiring further explanation. The section of Bluff Road being investigated 
is a gravel section located between chainages 23.43km and 30km measured from the 
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edge of Crows Nest Township. The first 1.4km of the gravel section was not 
resheeted but maintenance works was carried out at the same time of the resheet 
works on the remaining 3.15km gravel section. There is a small 0.3km sealed section 
within the first 1.4km existing gravel section. The change in gravel type can be seen 
by the higher values measured by roughness survey prior to the 1.4km mark and this 
gravel is quickly returning to its condition prior to any maintenance works being 
carried out. The resheet gravel used is performing much better as shown by the 
roughness survey results.  The average IRI value for each survey and the existing 
gravel is shown in Figure 4.9. 
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Figure 4.9 - Pierces Ck Road Roughness Survey 
 
4.3.3. Gravel 
 
The pavement gravel used on both roads in Crows Nest District was sourced from 
four different pits with a blended material comprising equal parts of gravel from 
Tony Johnson’s pit, being a red laterite material, and Emu Ck Road pit, being a 
granite material, being used on Pierces Ck Road. Gravel from Taylor’s Pit at 
Ravensbourne was used on the first 1.4km of the Bluff Road and from chainage 
3.4km a ridge gravel was sourced from a pit located in Somerset Regional Council. 
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Table 4.10 details the gravel test results for the raw gravels and the blended material 
used on Pierces Ck Road. The raw gravels were brought to site and mixed together 
with a grader then conditioned by the continual process of grading and rolling until 
the material is of the required texture. The gravel test results for the gravels used on 
Bluff Road are shown in Table 4.9 and this gravel was conditioned in the same way 
as the gravel on Pierces Ck Road using a grader and roller. 
 
The actual test results are included in Appendix F – Gravel Test Reports. 
 
 
 Bluff Road 
 
Somerset 
Regional Council 
 Ridge Gravel 
Particle Size 
Distribution Percent Passing 
Sieve Size (mm)  
75 100 
53 100 
37.5 97 
26.5 97 
19 87 
9.5 71 
4.75 51 
2.36 37 
0.425 18 
0.075 11 
Atterberg Limit Tests 
Liquid Limit (LL) 26.3 
Plastic Limit 17.8 
Plasticity Index (PI) 8.6 
Linear Shrinkage (LS) 6.2 
PI x % passing 
0.425mm 154.8 
Shrinkage Product 111.6 
Ratio 0.075/0.425 0.61 
Grading Coefficient 30.6 
Table 4.9 - Bluff Road Gravel Test Results 
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 Crows Nest District Pierces Ck Road 
 
Emu Ck 
Rd 
Tony 
Johnsons 
Pit 
50% Tony 
Johnsons &  
50% Emu Ck Rd Pit 
 Granite 
Clayey 
Gravel Blended  
Particle Size 
Distribution Percent Passing 
Sieve Size (mm)       
75 100 100 100 
53 100 100 100 
37.5 100 100 100 
26.5 100 100 100 
19 99 98 98 
9.5 86 89 88 
4.75 56 67 61 
2.36 38 51 42 
0.425 14 26 16 
0.075 3.8 13 6 
Atterberg Limit Tests 
Liquid Limit (LL)   42.1 35.4 
Plastic Limit   27.2 22.3 
Plasticity Index (PI)   15 13.2 
Linear Shrinkage (LS)   6 4 
PI x % passing 
0.425mm   390 211.2 
Shrinkage Product   156 64 
Ratio 0.075/0.425   0.5 0.38 
Grading Coefficient 34.72 32.83 35.38 
Table 4.10 – Pierces Ck Road Gravel Test Results 
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4.4. Oakey District 
4.4.1. Site Details 
 
The two roads chosen to be part of this project in Oakey District are Brimblecombe 
Road and McIntyre Road which are shown on Figure 4.10 below. Also shown are 
the pits from which the gravel was sourced for the resheet works. 
 
 
Figure 4.10 - Oakey District Roads 
 
Table 4.11 is the information of the two roads being investigated including the 
general location, road information, gravel source and traffic count information.  
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General Site Information 
District Oakey Oakey 
Road Name Brimblecombe Road McIntyre Road 
From Gowrie Mt School Road West Prarie Road 
To 
Toowoomba – Cecil 
Plains Road 
Pedlar Road 
Reference 
00 – Gowrie Mt School 
Road 
00 – West Prarie Road 
Chainage (km) 00 – 3.62 00 – 4.0 
AADT <100 (1 week/year 1000) <50 
Heavy Vehicles NA NA 
Direction of Travel South South 
Gravel Source Klein Pit Bald Hill Pit 
Gravel Depth 100mm 100mm 
Resheet Date July 2010 January 2010 
Table 4.11 - Oakey District General Site Information 
 
4.4.2. Inspection Details 
 
As detailed in Section 4.1.1 two field surveys were undertaken on each and the road 
survey forms are located in Appendix C – Inspection Sheets. Table 4.12 and Table 
4.8 summarises the information gathered from the field inspections providing an 
overall picture of the road profile and condition. There was an approximate delay of 
7 months from the resheet works to the first survey on McIntyre Road and as shown 
in Table 4.13 there were considerable ruts already formed. The road was initially 
built with a 3% crossfall and this should be taken into account when reviewing these 
figures. 
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Inspection Detail Survey 1 Survey 2 
Survey Date 22/08/2010 11/10/2010 
Road Name Brimblecombe Road 
Cross Section Chainages 
(km) 
540 1725 3125 
Crossfall Range (%) -1.9 to -4.9 -1.5 to -3.8 
Average Crossfall (%) -3.7 - 2.9  
Average Rutting Depth 
(mm) 
Nil 10 
Corrugation Depth Nil Nil 
Table Drain Condition Overall Good Overall Good 
Surface Condition 
Small potholes developing 
in sections. Tight surface, 
Some loose material on 
edges 
Potholes developing along 
entire length of road. 
Loose material on edges 
General Notes 
Roughness survey done on 
10/8/2010 
Wet weather during 
inspection 
Table 4.12 - Brimblecombe Road Inspection Summary 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 10/08/2010 11/10/2010 
Road Name McIntyre Road 
Cross Section Chainages 
(km) 
1415 3265 3820 
Crossfall Range (%) -1.8 to -7.6 +0.8 to -7.6 
Average Crossfall (%) -5.1 -2.6  
Average Rutting Depth 
(mm) 
26 24 
Corrugation Depth Nil Nil 
Table Drain Condition Overall Good Overall Good 
Surface Condition 
Large amount of loose 
material outside wheel 
tracks  
Loose material outside 
wheel tracks in places, 
Water lying in tabledrains 
General Notes Sometime since resheet  
Wet weather at time of 
inspection 
Table 4.13 - McIntyre Road Inspection Summary 
 
A roughness survey was undertaken during each road inspection using a vehicle 
mounted roughometer as described in Section 4.1.3. The graphical results for both 
surveys for Brimblecombe Road and McIntyre Road are shown in Figure 4.9 and 
Figure 4.9 respectively below. 
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The roughness survey included only the gravel section of Brimblecombe Road 
commencing at Gowrie Mt School Road and is shown in Figure 4.11 and there has 
been only one source of gravel used for this road from Klien Pit. An inspection of 
the data shows some peaks in the results and the one at chainage 2.05 km is 
attributed to a concrete floodway and the spike at the end of the road is due to the 
rough surface at the intersection due to corrugations and potholes which were worse 
on the second survey. The value at this point on the second survey conducted on 11 
October 2010 has been altered to produce an easier read figure. The IRI value at this 
point should be 33, which is due to the presence of numerous potholes and 
corrugations. The higher readings and higher average IRI on the second survey on 11 
October 2010 is due the presence of numerous potholes along the road and the 
average IRI values for each survey is shown on Figure 4.11. 
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Figure 4.11 - Brimblecombe Road Roughness Survey 
 
The roughness survey results undertaken on McIntyre Road are shown below in 
Figure 4.12 where the survey included the full length of the road. The resheet works 
were only carried out on the sections 1.1km to 2.2km and 2.9km to the end of the 
road. The average IRI value has remained the same for the first section and has only 
increased by 0.2 for the second section of the resheet works. There are only peaks in 
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the values near the intersections at each end of the road where this is caused by the 
presence of corrugations and potholes due to the turning movements of the traffic. 
 
Individual result for each survey has been included in Appendix E – Roughness 
Reports. 
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Figure 4.12 - McIntyre Road Roughness Survey 
 
4.4.3. Gravel 
 
The pavement gravel used on both roads in Oakey District were sourced from two 
separate pits with the gravel from Klein’s Pit being used on Brimblecombe Road and 
the gravel for McIntyre Road was obtained from Bald Hill Pit and the gravel from 
both these pits were conditioned at the pit by a mobile crushing plant. As shown in 
Figure 4.10 the pits used are located in close proximity to the roads.  
 
The results required to undertake the necessary evaluations are a Particle Size 
Distribution Test (grading test) and the Atterberg Limit Tests which are summarised 
below in Table 4.14 and also included are the values that need to be generated to 
undertake other evaluations. The actual test results are included in Appendix F – 
Gravel Test Reports. 
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 Oakey District 
 Klein Pit Bald Hill Pit 
 
Ridge 
Gravel 
Ridge 
Gravel 
Particle Size 
Distribution Percent Passing 
Sieve Size (mm) 100 100 
75 100 100 
53 100 100 
37.5 100 100 
26.5 75 78 
19 49 45 
9.5 38 27 
4.75 30 18 
2.36 17 11 
0.425 11 6.7 
0.075     
Atterberg Limit Tests 
Liquid Limit (LL) 34.4 40.4 
Plastic Limit     
Plasticity Index (PI) 14.8 15.6 
Linear Shrinkage (LS) 8 11 
PI x % passing 
0.425mm 256 168 
Shrinkage Product 136 121 
Ratio 0.075/0.425 0.63 0.62 
Grading Coefficient 26.6 22.14 
Table 4.14 - Oakey District Gravel Test Results 
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4.5. Millmerran District 
4.5.1. Site Details 
The two roads chosen to be part of this project in Millmerran District are Hornicks 
Road and Gillespies Dam Road which are shown on Figure 4.13 below. Also shown 
are the pits from which the gravel was sourced for the resheet works. 
 
 
Figure 4.13 - Millmerran District Roads 
 
Table 4.11 is the information of the two roads being investigated including the 
general location, road information, gravel source and traffic count information.  
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General Site Information 
District Millmerran Millmerran 
Road Name 
Hornicks Road & 
Kurrawah Road 
Gillespies Dam Road 
From Pampas – Horrane Road Kooroongarra Road 
To End of Road Owen Scrub Road 
Reference 
00 – Pampas – Horrane 
Road 
00 – Kooroongarra Road 
Chainage (km) 00 – 4.0 00 – 5.95 
Resheet Section 3.35 – 4.08 1.28 – 3.75 
AADT 21 15 
Heavy Vehicles (%) 5 15 
Direction of Travel West and North North 
Gravel Source 
70% Wanka Pit & 30% 
Bland’s Crushed Rock 
50% Willets Pit & 50% 
Andersons Pit 
Gravel Depth 100mm 100mm 
Resheet Date June 2010 January 2010 
Table 4.15 - Millmerran District General Site Information 
 
4.5.2. Inspection Details 
 
As detailed in Section 4.1.1 two field surveys were undertaken on each and the road 
survey forms are located in Appendix C – Inspection Sheets. Table 4.16 and Table 
4.17 summarises the information gathered from the field inspections providing an 
overall picture of the road profile and condition while Figure 4.14 and Figure 4.15 
shows the two roughness surveys carried out on Hornicks Road and Gillespies Dam 
Road respectively. 
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Inspection Detail Survey 1 Survey 2 
Survey Date 19/07/2010 18/08/2010 
Road Name Hornicks Road and Kurrawah Road 
Datum for cross sections 00 – End of Bitumen 
Cross Section Chainages 
(km) 
3.370 3.575 3.725 
Crossfall Range (%) -0.9 to -1.9 -0.5 to -1.9 
Average Crossfall (%) -1.3 -1.2  
Average Rutting Depth 
(mm) 
Nil Nil 
Corrugation Depth Nil Nil 
Table Drain Condition 
Needs attention, located at 
edge of gravel 
Needs attention, located at 
edge of gravel 
Surface Condition Tight smooth surface 
Tight smooth surface, 
wheel marks in sectons 
General Notes 
Survey includes Kurrawah 
Road 
Minimal loose material at 
edges 
Table 4.16 - Hornicks Road / Kurrawah Road Inspection Summary 
 
 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 15/07/2010 18/08/2010 
Road Name Gillespies Dam Road 
Cross Section Chainages 
(km) 
1300 2220 3000 
Crossfall Range (%) -0.5 to -2.4 -0.5 to -3.6 
Average Crossfall (%) -1.4 -2.4  
Average Rutting Depth 
(mm) 
Nil < 10 
Corrugation Depth Nil Nil 
Table Drain Condition Overall OK Overall OK 
Surface Condition 
Tight Surface, Minimal 
loose material outside 
wheel tracks  
Tight Surface, Minimal 
loose material outside 
wheel tracks 
General Notes  No surface defects 
Table 4.17 - Gillespies Dam Road Inspection Summary 
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Roughness Survey - Hornicks Road
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Figure 4.14 - Hornicks Road Roughness Survey 
 
The roughness survey included only the gravel section of Hornicks Road 
commencing at the end of the bitumen at chainage 3.35km and is shown in Figure 
4.13 and the gravel used for this resheet is a blended material comprising of white 
rock and crushed rock material which will be discussed further in Section 4.5.3. The 
survey shown in Figure 4.14 includes the entire length of Hornicks Road including 
the bitumen and gravel sections of Hornicks Road and Kurrawah Road with the 
intersection located at chainage 3.65km and overall the road is performing well with 
the average IRI value only increasing from 1.8 to 1.9 and this value would not be to 
different to the bitumen section of Hornicks Road. 
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Roughness Survey - Gillespies Dam Road
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Figure 4.15 - Gillespies Dam Road Roughness Survey 
 
A roughness survey was undertaken for the full length of Gillespies Dam Road from 
Kooroongarra Road to Owen Scrub Road which included bitumen and gravel 
surfaces. The resheet section for this project is located from chainage 1.3km to 
3.6km as detailed in Table 4.15 and shown in Figure 4.15 where the average 
roughness count is displayed where the overall performance for the smoothness of 
the road is good with the values only increasing from the first survey of 1.9 to 2.4 for 
the second survey. There are some spikes in the readings which can be attributed to 
concrete and gravel flood ways and the rougher surface through and approaching the 
floodway. 
 
Individual result for each survey has been included in Appendix E – Roughness 
Reports. 
4.5.3. Gravel 
The pavement gravel used on both roads in Millmerran District are a blended 
material from local pits located within Millmerran District and the summary of the 
test results for the blended gravels are given in Table 4.18 and the actual test results 
are included in Appendix F – Gravel Test Reports. 
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The gravel used on Hornicks Road was a blend of 70% white rock from Wanka’s Pit 
and 30% crushed rock from Bland’s Pit where the gravel used on Gillespies Dam 
Road included a equal mixture of white rock from Willet’s Pit and granite sand from 
Anderson’s Pit. Each blended material was conditioned on the road by using a grader 
and grid roller to produce the required material. The proportion of mixes used on the 
roads has been from experience in using these materials over many years not by any 
technical method.  
 
 Millmerran District  
 Hornicks Road Gillespies Dam Road 
 Wanka and Bland Pits Willet and Anderson Pits 
 
70% White Rock & 30% 
Crushed Rock 
50% White Rock & 50% 
Granite Sand 
Particle Size 
Distribution Percent Passing 
Sieve Size (mm)     
75 100 100 
53 100 100 
37.5 98 98 
26.5 98 98 
19 93 94 
9.5 77 83 
4.75 61 75 
2.36 50 67 
0.425 36 45 
0.075 12 19 
Atterberg Limit Tests 
Liquid Limit (LL) 28 22.8 
Plastic Limit     
Plasticity Index (PI) 13.2 9.6 
Linear Shrinkage (LS) 7.4 5.4 
PI x % passing 
0.425mm 472 432 
Shrinkage Product 370 361.8 
Ratio 0.075/0.425 0.35 0.42 
Grading Coefficient 28.49 19.09 
Table 4.18 - Millmerran District Gravel Results 
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4.6. Pittsworth District 
4.6.1. Site Details 
The two roads chosen to be part of this project in Pittsworth District are Bailey Road 
and Keeley Road which are shown on Figure 4.16 below. Also shown is the pit from 
which the gravel was sourced for the resheet works. 
 
 
Figure 4.16 - Pittsworth District Roads 
 
Table 4.19 provides the general site information of the two resheeted roads being 
investigated including the general location, road information, gravel source and 
traffic count information.  
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General Site Information 
District Pittsworth Pittsworth 
Road Name Bailey Road Keeley Road 
From 
Brookstead - Norwin 
Road 
Dooley Road 
To Saal Rd End of Gravel 
Reference 
00 – Brookstead - Norwin 
Road 
00 – Dooley Road 
Chainage (km) 00 – 7.65 00 – 5.7 
Resheet Section 3.6 – 7.65 00 – 1.3 
AADT 22 7  
Heavy Vehicles (%) 18 40 
Direction of Travel North South 
Gravel Source Scrubby Mountain Quarry Scrubby Mountain Quarry 
Gravel Depth 75mm 75mm 
Resheet Date March 2010 March 2010 
Table 4.19 - Pittsworth District General Site Information 
 
In Pittsworth a trial of a compaction / dust suppressant agent called Polycom was 
carried out on Volker Road and the details of the trial site are listed in Table 4.20 
and this site was chosen as the maintenance grading interval is reducing due to the 
traffic using this road. This road is well used by nearby farms and commercial 
activities comprising of a large caged hen egg producing facility and distribution 
centre and also a free range egg producing facility. 
 
The section of Volker Road treated with Polycom has a section through a flood plain 
that is regularly inundated with water during the storm season and has water lying 
beside the road for extended time periods and the other section is located on higher 
ground away from the flood plain. This road was chosen due to the amount and type 
of traffic using it and the road is subjected to wet and dry subgrade conditions. An 
untreated section of the resheet was included in this trial to compare the performance 
of the Polycom treated section against. Similar investigations of this road were 
undertaken to the other resheeted roads in TRC with roughness surveys and field 
inspections being carried out but traffic counts on Volker Road were unavailable. 
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To better evaluate the performance of the Polycom, permanent cross section sites 
were setup along the treated and untreated sections by a surveyor with datum points 
so levels were taken at the same point on the road as shown in Figure 4.17 and these 
points were positioned at 0.5m intervals extending from the centre of the road for a 
distance of 2.5m in both ways 
 
 
Figure 4.17 - Volker Road Cross Section Detail 
 
The survey levels for each run is included in Appendix G – Volker Road 
Inspections and cross sections for specified chainage is shown below in the Figure 
4.18, Figure 4.19, Figure 4.20 & Figure 4.21. The cross sections at chainages 
1350m, 2100m, 2810m, 3520m are located in the section treated with Polycom and 
the cross section at chainage 4320m is located in the untreated section. Each cross 
section is showing the formation of wheel ruts ranging from approximately 20mm to 
40mm and there seems to be no difference between the treated and untreated 
sections. Polycom seems to have increased the maintenance grading intervention 
period to approximately 12 months from 6months with the resheeting works being 
undertaken in November 2009 and the first maintenance grading completed in 
September/October 2010. Further investigation should be undertaken of the cross 
sections prior to the maintenance grading to then continue the cross section 
inspections and levels to fully assess if long time advantages are gained by using this 
stabilising product with this type of gravel. 
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Figure 4.18 - Volker Road Ch1350, Treated Section 
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Figure 4.19 - Volker Road Ch2100, Treated Section 
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100.42
100.44
100.46
100.48
100.5
100.52
100.54
100.56
100.58
-2.5 -2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5
Distance (m)
H
e
ig
h
t 
(m
)
7/10/2009
22/02/2010
7/07/2010
23/09/2010
 
Figure 4.20 - Volker Road Ch2810, Treated Section 
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Volker Road CH 3520
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Figure 4.21 - Volker Road Ch 3520, Treated Section 
 
 
 
 
Volker Road CH 4320
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Figure 4.22 - Volker Road Ch 4320 Untreated Section 
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General Site Information – Volker Road 
District Pittsworth 
Road Name Volker Road 
From Homestead Road 
To Clifton – Pittsworth Road 
Reference 00 – Homestead Road 
Chainage (km) 00 – 7.65 
Resheet Section 1.25 – 4.27 
AADT Not Available 
Heavy Vehicles (%) Not Available 
Direction of Travel South 
Gravel Source Scrubby Mountain Quarry 
Gravel Depth 50 - 75mm 
Resheet Date November 2009 
Mainatenance Grade 
First grade completed 
Sept/Oct 2010 
Details 
Polycom added to water 
truck and applied at 
1kg/25m3 compacted 
gravel 
Table 4.20 - Volker Road Site Information 
 
4.6.2. Inspection Details 
As detailed in Section 4.1.1 two field surveys were undertaken on each and the road 
survey forms are located in Appendix C – Inspection Sheets. Table 4.21 and Table 
4.22 summarises the information gathered from the field inspections providing an 
overall picture of the road profile and condition while Figure 4.14 and Figure 4.15 
shows the two roughness surveys carried out on Bailey Road and Keeley Road 
respectively. 
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Inspection Detail Survey 1 Survey 2 
Survey Date 17/07/2010 22/08/2010 
Road Name Bailey Road 
Datum for cross sections 00 – Brookstead – Norwin Road 
Cross Section Chainages 
(km) 
3655 5155 6755 7555 
Crossfall Range (%) -0.1 to -2.7 -0.6 to -5.5 
Average Crossfall (%) -1.4 -3.3  
Average Rutting Depth 
(mm) 
14 21 
Corrugation Depth Nil Nil 
Table Drain Condition 
Overall OK, need to be 
deeper 
Overall OK, need to be 
deeper 
Surface Condition 
Large amount of loose 
material outside wheel 
tracks 
Large amount of loose 
material outside wheel 
tracks 
General Notes 2 distinct wheel paths 
2 distinct wheel paths, 
wheel ruts more 
pronounced 
Table 4.21 - Bailey Road Inspection Summary 
 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 17/07/2010 18/08/2010 
Road Name Keeley Road 
Datum for cross sections 00 – Dooley Road 
Cross Section Chainages 
(km) 
600 
Crossfall (%) LHS – 0.9 RHS – 1.8 LHS – 3 RHS – 0.9 
Rutting Depth (mm) LHS – 15 RHS – 15 LHS – 10 RHS – 23 
Corrugation Depth Nil Nil 
Table Drain Condition 
Needs to be deeper and 
located further from 
pavement 
Needs to be deeper and 
located further from 
pavement 
Surface Condition 
Tight surface, small 
amount of loose material 
Tight surface, small 
amount of loose material 
General Notes Services one farm  
Table 4.22 - Keeley Road Inspection Summary 
 
A roughness survey was undertaken for the full length of Bailey Road from 
Brookstead - Norwin Road to Saal Road which included bitumen and gravel 
surfaces. The resheet section for this project is located from chainage 3.6km to 
7.65km as detailed in Table 4.21 and shown in Figure 4.23 with a small bitumen 
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sealed section between chainages 5.6km and 5.8km. The average IRI value of 2.9 is 
the same for the first section of the resheet between chainages 3.6km and 5.6km and 
the average value for the remaining section has increased from 2.6 to 2.8. The spikes 
in this data is due to the existence of some 90 degree bends and gravel floodways 
and in most cases there are spikes at the joins between sealed and unsealed sections 
of the road as can be seen at the end of the bitumen surface at chainage 5.8km 
 
Roughness Survey - Bailey Road
0
2
4
6
8
10
12
14
0 1 2 3 4 5 6 7 8 9
Distance (km)
IR
I 
V
a
lu
e
Poor
Bad
Fair
Good
Excellent
Resheet Section
17 Jul 2010
22 Aug 2010 
2010
Both Surveys
Avg IRI 2.9
Bitumen Section Bitumen
Section
Resheet Section
Avg IRI 2.8
Avg IRI 2.6
Existing Gravel
Section
 
Figure 4.23 - Bailey Road Roughness Survey 
 
 
The roughness survey results undertaken on Keeley Road are shown below in Figure 
4.24 where the survey included the full length of the road. The average IRI value has 
improved slightly between the two surveys. The gravel section of the road only 
services one rural residence, the remaining section of Keeley Road is an unformed 
black soil track used by the adjoining property owners in dry weather for 
transporting of farm equipment. 
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Roughness Survey - Keeley Road
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Figure 4.24 - Keeley Road Roughness Survey 
 
The roughness survey undertaken on Volker Road included the full length including 
sections outside the resheeted section treated with Polycom. The survey commenced 
at Homestead Road to finished at Clifton – Pittsworth Road which included four 
sections as shown in Figure 4.25. The Polycom treated resheet section for this 
project is located from chainage 1.25km to 4.27km as detailed in Table 4.20 and a 
control section of untreated material is located between chainages 4.27km and 
4.37km. 
 
The average roughness values for the untreated section and the control section are 
shown on Figure 4.25 with both sections producing similar values over the survey 
period and the higher values between approximate chainages 2.9km and 3.9km is 
due to the presence of potholes formed from recent wet weather. Due to this a 
maintenance grade has been undertaken on this section as it has become too rough 
and dangerous to the road users and the surveys will proceed to further evaluate the 
performance of using Polycom on unsealed roads using this pavement gravel. 
 
Individual results for each survey have been included in Appendix E – Roughness 
Reports. 
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Roughness Survey - Volker Road
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Figure 4.25 - Volker Road Roughness Survey 
 
4.6.3. Gravel 
The pavement gravel used on both roads in Pittsworth District was sourced from the 
Council owned Scrubby Mountain Quarry which is the main source of gravel for the 
resheeting works in southern half of the district where gravels used on the northern 
roads are sourced from other privately owned pits located in more convenient and 
economical locations 
To get this gravel into the required condition a mobile crushing plant is used at 
Scrubby Mountain Quarry to produce the required product and this is normally done 
once a year where the conditioning employed at other pits are a mobile crushing 
plant or rock busted onsite depending on the quantity required. 
 
The results required to undertake the necessary evaluations are a Particle Size 
Distribution Test (grading test) and the Atterberg Limit Tests which are summarised 
below in Table 4.5 and also included are the values that need to be generated to 
undertake other evaluations. The actual test results are included in Appendix F – 
Gravel Test Reports. 
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 Pittsworth District  
 Scrubby Mtn Pit 
 Ridge Gravel 
Particle Size 
Distribution Percent Passing 
Sieve Size (mm)   
75 100 
53 100 
37.5 100 
26.5 100 
19 86 
9.5 64 
4.75 48 
2.36 32 
0.425 17 
0.075 9.7 
Atterberg Limit Tests 
Liquid Limit (LL) 48.2 
Plastic Limit   
Plasticity Index (PI) 21.8 
Linear Shrinkage (LS) 11.4 
PI x % passing 
0.425mm 381 
Shrinkage Product 199 
Ratio 0.075/0.425 0.55 
Grading Coefficient 33.28 
Table 4.23 - Pittsworth District Gravel Test Results 
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4.7. Goombungee District 
4.7.1. Site Details 
The two roads chosen to be part of this project in Goombungee District are Thun’s 
Road and Wrights Road which are shown on Figure 4.26 below. Also shown is the 
pit from which the gravel was sourced for the resheet works. 
 
 
Figure 4.26 - Goombungee District Roads 
 
Table 4.24 provides the general site information of the two resheeted roads being 
investigated including the general location, road information, gravel source and 
traffic count information.  
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General Site Information 
District Goombungee Goombungee 
Road Name Thun’s Road Wrights Road 
From Gomoron - Bergen Road 
Chamberlin - Yalangar 
Road 
To Douglas – Plainby Road End of Gravel Road 
Reference 
00 – Comoron - Bergen 
Road 
00 – Chamberlin - 
Yalangar Road 
Chainage (km) 00 – 3.48 00 – 1.29 
Resheet Section 00 – 3.48 00 – 1.29 
AADT 22 8  
Heavy Vehicles (%) 9.1 15 
Direction of Travel East East & South 
Gravel Source Boundary pit Jensen’s pit 
Gravel Depth 100mm 100mm 
Resheet Date March 2010 March 2010 
Table 4.24 - Goombungee District General Site Information 
 
4.7.2. Inspection Details 
As detailed in Section 4.1.1 two field surveys were undertaken on each road and a 
summary of the collected information is shown below in and the road survey forms 
are located in Appendix C – Inspection Sheets. Table 4.25 and Table 4.26 
summarises the information gathered from the field inspections providing an overall 
picture of the road profile and condition. 
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Inspection Detail Survey 1 Survey 2 
Survey Date 17/07/2010 24/08/2010 
Road Name Thun’s Road 
Cross Section Chainages 
(km) 
0.255 2.65 3.14 
Crossfall Range (%) -0.7 to -4.2 -0.9 to -5.2 
Average Crossfall (%) -2.2 - 3.2  
Average Rutting Depth 
(mm) 
<10 <10 
Corrugation Depth Nil Nil 
Table Drain Condition 
Overall OK, could be 
deeper in sections 
Overall OK, could be 
deeper in sections 
Surface Condition 
Minimal loose material 
outside wheel tracks, tight 
surface 
Similar to previous 
inspection 
General Notes 
central flat section in cross 
section at CH 0.255 
Road surface in very good 
condition 
Table 4.25 – Thun's Road Inspection Summary 
 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 17/07/2010 24/08/2010 
Road Name Wrights Road 
Cross Section Chainages 
(km) 
0.195 1.175 
Crossfall Range (%) -0.9 to -4.3 -1.7 to -7.0 
Average Crossfall (%) -3.3 -4.2  
Average Rutting Depth 
(mm) 
Nil 15 
Corrugation Depth Nil Nil 
Table Drain Condition 
Invert located at edge of 
gravel in sections. 
As previous  
inspection 
Surface Condition 
Large amount of loose 
material outside wheel 
tracks 
Large amount of loose 
material outside wheel 
tracks 
General Notes 
very loose material at 
bend, large stones 
very loose material at 
bend, large stones, 2 & 3 
wheel effect evident. 
Table 4.26 – Wright's Road Inspection Summary 
 
A roughness survey was undertaken during each road inspection using a vehicle 
mounted roughometer as described in Section 4.1.3.  
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The graphical results for both surveys for Thun’s Road are shown in Figure 4.27 
below which included a bitumen section located between chainages 0.39km and 
0.98km. Included in the figure is the average roughness value for both resheet 
sections and the values from both surveys are the same for the first section and has 
only increased by 0.1 for the second section of the resheet. This shows the gravel 
pavement has performed well over the survey period. The spikes in the data coincide 
with the joins of the sealed sections, gravel and concrete floodways and sharp bends. 
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Figure 4.27 - Thun's Road Roughness Survey 
 
The roughness survey results undertaken on Wright’s Road are shown below in 
Figure 4.28 where the survey included the full length of the road. The average IRI 
value has decreased by 0.2 between the two surveys this could be attributed to the 
traffic forming wheel tracks through the rougher surface since the previous survey.  
The large value at approximate chainage 4.1km coincides with a sharp 90 degree 
bend in the road where there is a large amount of loose material and this material is 
oversize. 
 
Individual results for each survey have been included in Appendix E – Roughness 
Reports.  
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Roughness Survey - Wrights Road
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Figure 4.28 - Wrights Road Roughness Survey 
 
4.7.3. Gravel 
The pavement gravel used on both roads in Goombungee District were sourced from 
two separate pits with the gravel from Boundary Pit being used on Thun’s Road and 
the gravel for Wright’s Road was obtained from Jensen’s Pit and the gravel from 
both these pits were conditioned by rock busting onsite. As shown in Figure 4.26 the 
pits used are located in close proximity to the roads.  
 
The results required to undertake the necessary evaluations are a Particle Size 
Distribution Test (grading test) and the Atterberg Limit Tests which are summarised 
below in Table 4.27 and also included are the values that need to be generated to 
undertake other evaluations. The actual test results are included in Appendix F – 
Gravel Test Reports. 
. 
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 Goombungee District  
 Boundary Pit Jensen's Pit 
 Thuns Rd Wrights Rd 
 Ridge Gravel Ridge Gravel 
Particle Size 
Distribution Percent Passing 
Sieve Size (mm)     
75 100 100 
53 100 100 
37.5 89 94 
26.5 66 77 
19 66 77 
9.5 47 46 
4.75 35 27 
2.36 26 20 
0.425 19 11 
0.075 13 7.2 
Atterberg Limit Tests 
Liquid Limit (LL) 43.8 28.8 
Plastic Limit 21.8 17.2 
Plasticity Index (PI) 22 11.6 
Linear Shrinkage (LS) 11 6.2 
PI x % passing 
0.425mm 416 132 
Shrinkage Product 286 124 
Ratio 0.075/0.425 0.68 0.63 
Grading Coefficient 25.38 30.82 
Table 4.27 - Goombungee District Gravel Results 
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4.8. Toowoomba District 
4.8.1. Site Details 
The two roads chosen to be part of this project in Toowoomba District are Magg 
Street and Brisbane Place which are shown in Figure 4.29. No pits have been shown 
as the material used for the resheets were asphalt millings obtained from pavement 
repairs undertaken in Toowoomba.  
 
 
Figure 4.29 - Toowoomba District Roads 
 
Table 4.24 provides the general site information of the two resheeted roads being 
investigated including the general location, road information, gravel source and 
traffic count information.  
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General Site Information 
District Toowoomba Toowoomba 
Road Name Magg Street Brisbane Place 
From Fraser Street Dayton Connection Road 
To End of gravel road Manor Street 
Reference 00 – Fraser Street 
00 – Dayton Connection 
Road 
Chainage (km) 00 – 0.4 00 – 1.75 
Resheet Section 00 – 0.4 00 – 1.75 
AADT <25 <50  
Heavy Vehicles (%) NA NA 
Direction of Travel East & South East & South 
Gravel Source NA NA 
Gravel Depth 100mm 100mm 
Resheet Date May 2010 May 2010 
Table 4.28 - Toowoomba District General Site Information 
 
4.8.2. Inspection Details 
At the present time only one road survey has been undertaken on each road to 
document the cross section details but 2 roughness surveys have been completed and 
are shown later in this report. A summary of the collected information is shown 
below and the road survey forms are located in Appendix C – Inspection Sheets. 
Table 4.29 and Table 4.30 summarises the information gathered from the field 
inspections providing an overall picture of the road profile and condition. 
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Inspection Detail Survey 1 Survey 2 
Survey Date 15/05/2010 24/08/2010 
Road Name Magg Street 
Cross Section Chainages 
(km) 
0.120 0.340 0.120 0.340 
Crossfall Range (%) NA -0.9 to +4.8 
Average Crossfall (%) NA -1.1 
Average Rutting Depth 
(mm) 
NA 
10 
Corrugation Depth NA Nil 
Table Drain Condition 
Overall OK, located near 
gravel in sections 
Overall OK, located near 
gravel in sections. 
Surface Condition 
Tight surface, some 
corrugations around bend 
Corrugations starting to 
develop in outer wheel 
paths 
General Notes 
 At CH 0.34 one way 
crossfall 
Table 4.29 – Magg Street Inspection Summary 
 
 
Inspection Detail Survey 1 Survey 2 
Survey Date 19/05/2010 24/08/2010 
Road Name Brisbane Place 
Cross Section Chainages 
(km) 
60 60 
Crossfall (%) NA NA LHS +0.6 RHS -1.6 
Average Rutting Depth 
(mm) 
NA NA Nil Nil 
Corrugation Depth NA NA Nil Nil 
Table Drain Condition No drain on LHS No drain on LHS 
Surface Condition Tight surface 
Tight surface, some 
corrugations around bend 
General Notes  
One way crossfall for 
most of road 
Table 4.30 – Brisbane Place Inspection Summary 
 
The roughness surveys on Magg Street included the section of road from Fraser 
Street to the end of the gravels section and the first survey was conducted just after 
the completion of the resheeting works which is why the roughness survey results 
shown in Figure 4.30 are very good. The higher values at the beginning of the 
survey are attributed to the tyre forces from traffic turning and vehicles coming off a 
sealed road, while the higher values at chainage 0.33km coincide with a sharp bend 
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in the road. Over the survey period the road roughness has increased quite rapidly for 
the small amount of traffic using it. 
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Figure 4.30 - Magg Street Roughness Survey 
 
The roughness survey on Brisbane Place is shown in Figure 4.31 and to produce a 
more easily read graph the maximum values for the IRI have been limited to 12 on 
the survey conducted on 19 May 2010. As the values have reduced considerably on 
this section in the second survey on 24 August 2010 there would seem to be some 
anomalies in this data so further surveys should be undertaken to verify the correct 
readings. As this road is very short and the recommended speed for the survey is 
over 40km/h it is difficult to reach these speeds on this road. The survey information 
should be verified onsite before making any judgements on the performance of the 
pavement material. 
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Roughness Survey - Brisbane Place
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Figure 4.31 - Brisbane Place Roughness Survey 
 
4.8.3. Gravel 
The material used for the resheeting of MaggStreet and Brisbane Place is sourced 
from the millings produced from pavement repairs undertaken on Toowoomba 
Streets. This material is a mixture of asphalt, bitumen and gravel, with gravel being 
the smallest component. 
 
The resheet on Magg Street included 100% Millings for the full length of the road 
while the first approximate 125m of Brisbane place is a 50/50 mix of millings and 
gravel (type 2.2)sourced from a blue stone quarry in Toowoomba. 
 
Due to the nature of the pavement material used no gravel tests were undertaken and 
therefore will not be included in the evaluation of the pavement gravels used by TRC 
on the unsealed road network. 
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Chapter 5 - Analysis and Discussion 
 
5.1. General 
During the process of evaluating and investigating the previous studies, current 
standards and the trial roads for this project it has become apparent that there are 
many factors that can make or break an unsealed road. This study has identified three 
main factors that should be highlighted to the road construction practitioners as the 
main ingredients to produce a well performing unsealed road which are drainage, 
road profile and the pavement gravel. 
 
These three aspects of the unsealed road design will assist in producing a road that 
will perform well in dry and wet weather, meet the needs of the traffic and reduce 
the maintenance costs to TRC. Even though resheeting is the main focus of the 
resheeting program equal attention should be given to constructing the road to the 
correct profile and installing or upgrading the existing drainage. In following 
sections each aspect will be discussed with regard to the investigations and results 
detailed in Chapter 4 - Trial Sites, Inspections and Results. 
 
5.2. Drainage 
As stated earlier, ARRB reinforces that the three main principles in building and 
maintaining a road are drainage, drainage and drainage and the investigations 
undertaken this reasoning is quite true. To assist in providing good drainage the 
water needs to be taken water away from the road and from getting to the road by 
employing some of the following construction techniques: 
• Well formed table drains (min. 0.3m below shoulder point) 
• Table drains that drain and not pond water 
• Adequate cross drainage 
• Installation of catch drains 
Additional to actually constructing the required drainage works and/or structures to 
the required standards it is essential that these be suitably maintained to allow them 
to drain the water away from the road so the road pavement does not become 
 78 
saturated for extended periods and this will inevitably cause the road to fail and 
costly maintenance works will be required.  
 
Most of the roads investigated had adequate to well formed table drains to keep the 
water from the road formation. Figure 5.1 shows Brimblecombe Road in Oakey 
District which has well formed table drains and they are well constructed as they are 
keeping the water away from the road pavement and has a reasonable longitudinal 
grade that takes the water relatively quickly away to a nearby water course. 
Brimblecombe Road is a good example of how the focus of the work should include 
drainage works as well as the gravel resheeting where the table drains have been 
redefined and constructed to a suitable depth on both sides.  
 
 
Figure 5.1 - Brimblecombe Road - Oakey District 
 
The majority of the other roads investigated generally have well formed table drains 
in sections but in sections the table drains have not been as well defined. This can be 
attributed to width of the road reserve, location of vegetation, traffic patterns on 
bends where they use the shoulder and table drain as part of the road and poor 
construction procedures. The vegetation concern has been identified on roads located 
in heavily treed areas like the Great Dividing Range located on the eastern boundary 
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of TRC in which both roads Bluff and Pierces Creek Roads in the Crows Nest 
District are located. To overcome the problem of enough room to construct adequate 
drainage structures additional clearing will be required and/or realignment of the 
road. Figure 5.2  shows a situation as explained above where there is minimal 
distance between the vegetation to form an adequate table drain away from the 
gravel pavement and this situation has an added problem of being on a incline and 
the high probability that scouring would occur along the edge of the gravel 
pavement. To overcome this situation additional clearing would be required to locate 
the invert of the table drain away from the road pavement.  
 
 
Figure 5.2 - Bluff Road Crows Nest District 
 
Unfortunately for us road builders the clearing of vegetation is not as easy as years 
gone where if a tree had to go it was just removed where now there are procedures 
and regulations to follow. Even though Local Governments have authority to clear 
trees they deem necessary for the construction of a road, Council’s have a moral 
obligation to preserve as much vegetation as possible without compromising safety 
to the road user. In some areas the vegetation is of a more sensitive nature and issue 
to the local community and environmental groups. In some situations drainage works 
have to fit in with vegetation and additional protection works will be required for the 
road user and road pavement and drainage. In Figure 5.2 the trees close to the road 
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are large trees and the removal of these could be detrimental to the local fauna as a 
habitat tree and the removal of one tree may require the removal of additional trees 
which would be a concern to the environmentalists. In these situations it would be 
easier to build the road to the existing conditions. 
 
ARRB (2009) suggests that table drains should be located a minimum of 0.9m from 
the shoulder point of the formation and to a depth range of 0.3-0.6m for a V-shaped 
drain and 0.3-0.5 for a trapezoidal shaped drain and in the case of road in Figure 5.2 
this is unobtainable where on Brimblecombe Road in Figure 5.1 these specifications 
are achievable. These table drain specifications can only be taken as a guide as in 
some of the flood plain areas in Pittsworth and Millmerran Districts these depths are 
unachievable due to the land being so flat. In these situations as shown in Figure 5.3 
of Kurrawah Road in Millmerran District the approach should be taken as to at least 
provide minimal fall to allow the water to drain away. In these areas water does take 
a long time to drain away and what table drains are able to be constructed the invert 
should be located away from the gravel pavement. 
 
 
Figure 5.3 - Kurrawah Road Millmerran District 
 
At the time of some inspection there had been some reasonable rainfall events across 
the entire TRC and the adequacy of the road drainage could be assessed. As shown 
in Figure 5.1 the table drains were functioning well, but as shown in Figure 5.4, 
drainage problems were identified. In this situation the cross drainage at this point is 
inadequate and this being the lowest point for both Felton View Road and Snell 
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Road there is a reasonable amount of water flowing to this point. To rectify this 
situation a cross drainage pipe should be installed or the crossfall of the road should 
be changed to allow this water to flow across the road. 
 
 
Figure 5.4 - Felton View Road Clifton District 
 
To get this water into the table drain the road needs to be constructed with the correct 
profile and there are standards that unsealed roads should be built to for this to be 
possible, 
5.3. Road Profile 
The geometric design of the unsealed road is also a critical part in producing a well 
performing unsealed road and this project will not evaluate the horizontal and 
vertical alignments of the road it will be focused on the road cross section elements 
of the road which can be altered during the general maintenance and resheeting 
works. 
 
There are several factors that need to be taken into account when looking at an 
unsealed road cross section and as stated in 2.4 Construction Techniques the 
crossfall of an unsealed road should between 4 – 6% to allow water to runoff into the 
table drains. The crossfall is larger than a typical sealed road (3%) due to the rougher 
surface on an unsealed road than a sealed road due to the f ine material being eroded 
by traffic in the form of dust and being washed away with water from rain events. 
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The crossfall of the road should be constructed with a central crown as shown in 
Figure 5.5 to allow water to shed from the road surface.  
 
 
Figure 5.5 - Road Crossfall 
(Source: ARRB 2009.) 
 
To maintain the roads ability to shed the water from the road surface the crown 
should be protected from being driven on continually. The continual driving on the 
crown will reduce the crossfall and form flat spots in the road where water will lay 
and road defects will form. The main cause of the flattening of the crown is from 
being driven on and this can be mainly attributed to the 3-wheel effect, where the 
crown is receiving double the loading from both directions of traffic as shown in 
Figure 5.6. The crossfall data summary for McGovern road can be found in 4.2 
Clifton District where over the two surveys the average crossfall has not reduced 
but increased, so I would suggest that there is something else happening with 
underlying road structure. 
 
In this case the double loading on the crown has not reduced the average crossfall as 
detailed in Table 4.3 and formed flat areas as suggested by ARRB (2009). To fully 
understand what is happening with McGovern Road and similar roads reacting in the 
same way further investigation into the underlying road structure would be required. 
This investigation would require a trench be dug across the road to evaluate the 
profile of the pavement gravel and subgrade material and also take some samples of 
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the subgrade material to determine its characteristics. McGovern Road is located in 
black soil farming area and the nature of the material is a reactive clay material and 
this maybe a reason for the road crossfalls to alter in the opposite way to previous 
studies.  
 
 
Figure 5.6 - McGovern Road Clifton District 
 
Roads built with smaller crossfalls than recommended will allow water to lay or 
pond on the road surface and due to the traffic continually driving through this water, 
potholes and depressions will appear. The ponding water can also be a result of 
wheel ruts forming and this will also cause the same road defects to appear. 
McIntyre Road in Oakey District has formed wheel ruts with an average depth of 
26mm and 24mm over both field surveys detailed in Table 4.13 and as shown in 
Figure 5.7 water is ponding in the wheel tracks and will expedite the formation of 
potholes in the road surface. The completed roughness survey shows very little 
change in the road roughness average score so further investigations will be required 
to ascertain the extent of road surface defects. In both McGovern Road and McIntyre 
Road the presence of loose material on the road edges and the formation of wheel 
ruts are detrimental to the surface drainage of the road and maintenance grading 
should be undertaken to reinstate the standard crossfall reduce the loose material by 
incorporating it back into the pavement. 
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Figure 5.7 - McIntyre Rd Oakey District 
 
Figure 5.8 of Brimblecombe Road shows traffic is driving over the entire width of 
the road as there is no loose material evident along the centre of the road as is 
located along the road edges and Figure 5.9 shows how a flatter crossfall and 
driving on the crown will produce surface defects like potholes. The flattening of the 
crown is evident as shown in the average crossfall between the two surveys reducing 
from 3.9% to 2.9% and the second survey identified numerous potholes had 
developed along the centreline of the road confirming the industry standards that 
good crossfall is required on unsealed roads as detailed in 2.4 Construction 
Techniques. The roughness survey results shown in Figure 4.11 show the average 
IRI value has increased from 2.6 to 3.4 and confirm the road has become rougher 
over the 2 months between surveys. 
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Figure 5.8 - Brimblecombe Road Oakey District – 10/8/2010 
 
 
Figure 5.9 - Brimblecombe Road Oakey District - 21/10/2010 
 
To assist traffic in not damaging the crown and reducing the crossfall of the road the 
correct road width is required for the type and amount of traffic using the road. 
ARRB (2009) specifies the road width depends on the current and future traffic 
volume. The roads investigated as part of this project all have low traffic volumes of 
less than 150 vehicles per day (VPD) and Austroads (2003) advises that for these 
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low volume roads a single-lane two way road is adequate. The suggested minimum 
widths for both two-way and one-way unsealed roads are detailed in Table 2.1 and 
all the roads investigated are classed as being a one-lane two-way road where the 
carriageway width should be 5.5m. ARRB (2009) states that carriageway widths 
outside these values will not protect the crown from extra wear and there are some 
roads in this investigation that confirm this and the roads on which the crown is 
being driven on and outside the recommended widths are listed in Table 5.1. The 
roads investigated have a road width range of between 3.5m and 5.5m and the width 
is not consistent on each road and the roads not listed below are not showing signs of 
damaged to the crown so it would seem it is the nature of the traffic that will decide 
where it will drive on the road pavement. The traffic will normally pick the 
smoothest part and if this means driving on the crown then this will continue until a 
smoother track is formed or the existing wheel path is too rough due to road defects. 
 
Road Width Figure 
Mc Govern Road 4.5m Figure 5.6 
Brimblecombe Road Avg. 4.7m Figure 5.8 
Bluff Road Avg.4.5m  
Table 5.1 - 3-wheel effect Road widths 
 
In Millmerran District they have adopted lower crossfall in roads where local 
farmers pull farm equipment along the road and Figure 5.3 shows Kurrawah Road in 
Millmerran District which was built for this situation. Table 4.16 details the crossfall 
values with the average crossfall being 1.2% and 1.3% for the completed surveys. 
They have done this to protect the road surface from being damaged from the tynes 
of these large implements. This possibly not the best outcome for the road and its 
overall performance in the long term but if the normal crossfall was built on these 
roads the maintenance work would increase. A study into the benefits of this process 
to Council would need to be undertaken, but the benefits to the adjoining property 
owners may out way the extra cost to the Council. 
 
Together with the field inspections and roughness surveys areas of the road surface 
can be identified as deteriorating and a faster rate than other areas of the road. From 
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the roughness surveys for each road detailed in Chapter 4 - Trial Sites, Inspections 
and Results spikes of IRI values can be identified and it is these areas that need to 
be investigated to determine if other treatments could be applied to achieve a more 
even road deterioration so intermediate maintenance activities are eliminated. 
 
5.4. Gravel Evaluation and Comparison 
ARRB has produced an ‘Unsealed Roads Manual: Guidelines to Good Practice’ for 
use by road authorities designing and maintaining an unsealed road and this manual 
references studies and manuals in Australia and Internationally. In relation to the 
pavement design and materials studies undertaken in Australia and South Africa 
have been recognised as the standards unsealed roads should meet and this study 
compares the pavement gravels in TRC to these standards and specifications. 
 
All pavement gravels used on the trial roads have been tested at NATA registered 
laboratories operated by TRC and underwent the same tests and these were a grading 
test that determined the particle distribution through a predetermined sized sieves 
and the Atterberg Limit tests that include several test that determine the Linear 
Shrinkage (L.S.), Plasticity Index (P.I) and the Liquid Limit (LL) and the results 
from the gravel tests are included in Appendix F – Gravel Test Reports. For some 
analysis the Californian Bearing Ratio (CBR) is required but the TRC laboratories 
are unable to perform this test and time and resources were not available to have 
these tests undertaken. The pavement gravels used across TRC vary greatly between 
districts and even within districts as the soil types changes and with this the gravels 
also perform differently. All the gravels used by TRC on the unsealed road network 
are sourced from non-commercial local pits and quarries and these gravels are 
classified as non-standard material. As stated in 2.2 Sources of Gravels and Soil 
Types, Metcalf (1978) and Netterberg and Paige-Green (1988) suggests that 
naturally occurring non-standard material can and has been used successfully on 
roads similar to the unsealed road network in TRC.  
 
The current construction procedure used in TRC for unsealed roads is to apply a 
single layer of wearing course gravel over the existing gravel pavement or subgrade 
material as shown in Figure 5.10. 
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Figure 5.10 - Single Layer Pavement 
 
After several resheets the pavement profile would include two or more layers of 
gravel and the road pavement would more resemble the pavement design shown in 
Figure 5.11. Due to the current resheeting interval employed by TRC districts the 
existing gravel has worn away to leave a gravel thickness that is has no structural 
adequacy to be taken into account for the forthcoming resheet. 
 
 
Figure 5.11 - Two Layered Pavement 
 
There are several specifications for separate and combined wearing and base course 
materials. TRC currently employs the use of a single-layered pavement on its 
unsealed road network where the material is required to perform as a wearing and 
base course gravel. A wearing course gravel requires to have different specifications 
to a base course gravel due to the structural and road surface functions required. 
When using a gravel for both a wearing and base course ARRB recommends the use 
of the specifications developed by Jones and Paige-Green (1996) in South Africa that 
is shown in 2.3 Gravel Specifications that uses the relationship between the 
shrinkage product and the grading coefficient. To ascertain the suitability of the 
gravels investigated they have been plotted against the specifications and shown in 
Wearing/Base Course 
Subgrade 
Wearing Course 
Base Course 
Subgrade 
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Figure 5.12 where the blended gravels used in Millmerran and Crows Nest Districts 
are shown as blue markers and the other gravels shown as pink markers. The 
materials ending up in the ‘E” zone generally perform well provided the other 
specifications shown in Figure 2.3 are also met. As stated earlier additional tests on 
some gravels will be required to fully compare them to the specifications. 
 
Noted on Figure 5.12 are the roads that correspond with their respective gravels 
results and reviewing the roughness reports and field inspections of each road a 
comparison can be made with results. If you look at the roads located in ‘Zone B’, 
Wrights Road, McGovern Road and Felton View/Snell Roads do show evidence of 
ravelling which are noted in the field inspection summaries located in Chapter 4 - 
Trial Sites, Inspections and Results. Pierces Creek Road has not developed 
corrugations or evidence of ravelling which could be the short time period between 
the resheet and the surveys. Thuns Road in Goombungee District was showing no 
signs of erosion during both investigations but after these inspections there was a 
reasonable rain event in which heavy rain and flooding was experienced by the 
northern districts of TRC. Further investigations of all roads should be undertaken 
after this major rain event. 
 
Of the gravels located in ‘Zone E’ McIntyre Road and Bailey Road have a large 
amount of loose material outside the wheel tracks which would be classed as 
ravelling and as these are located close to the boundaries of ‘Zone B and C’ it could 
be expected that some ravelling will occur and this is shown in Figure 5.6 and 
Figure 5.7. A review of Brimblecombe Road and Bluff Road identifies that potholes 
and corrugations are developing along the road and for the Bluff Road being close to 
‘Zone B’ the formation of corrugations agrees with the South African Studies but for 
Brimblecombe Road the performance should be much better. In all these instances a 
review of the construction procedures employed would be warranted and compared 
against the current industry standards described in previous sections. 
 
The blended gravels used on Hornick’s Road and Gillespies Dam Road in 
Millmerran District are located closest to the middle of ‘Zone E’ than the other 
gravels and by their performance on the roughness survey and the observations from 
the field inspections the relationship of the Shrinkage Product and the Grading 
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Coefficient confirms the gravels should perform adequately. To fully see how these 
gravels meet the specifications a CBR and Treton Impact Value test should be 
undertaken. 
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Figure 5.12 - Relationship between Shrinkage, Grading Coefficient and 
Performance of Base/Wearing Course 
 
During this project current processes have been discussed with the road work 
supervisors and how they treat the gravel to achieve the best result and some non-
standard activities are used. It was identified that the gravels from Scrubby Pit in 
Pittsworth District and Weidman Pit in Clifton District produces a tighter surface by 
applying a large amount of water to the gravel surface during the final rolling 
activities to bring the finer material to the surface to bind the larger material together 
to reduce the ravelling effects that have been identified during this project. In both 
cases it has been advised that this process has been relayed to the work crews that 
this should be the process, but with the absence of the supervisor on these jobs it is 
not enforced and normal processes are continued. This is shown below where the 
normal process is shown in Figure 5.13 and the process of applying additional water 
during the final rolling creates a tighter surface and reduces the ravelling as shown in 
Figure 5.14. 
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Figure 5.13 - Bailey Road Excess Loose Material 
 
 
Figure 5.14 - Bailey Road Minimal Loose Material 
 
In Millmerran District gravel sourced from Bland’s Pit to mix with the white rock 
material used on Hornick’s and Gillespies Dam Road is a crushed rock material and 
Millmerran District has successfully replaced this material with waste aggregate 
material from bitumen sealing programs. This has saved funds as Bland’s crushed 
rock material has to be purchased at commercial rates and also uses material that is 
unacceptable be used on future reseal programs due to the age and condition of this 
material.  
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The preferred option suggested by ARRB (2009) is that a two-layered pavement 
approach should be instigated for the unsealed road network where a wearing and 
base course is required as shown in Figure 5.11 and there are separate Particle Size 
Distribution (PSD) ranges for each course and for the base course there are separate 
grading for the maximum stone size.. Figure 5.15 shows how the gravels tested for 
this project meet the specifications specified by ARRB (2009) for a wearing course 
where it is used together with a base course. Each gravel has been identified into 3 
groups with the blue lines representing the blended gravels and the green and pink 
lines representing the raw gravels and in this group the gravels that fall just out of the 
envelope are shown in green.  
Together with the grading curve the gravels should have a maximum Plasticity Index 
(PI) value of 12 for annual rainfalls greater then 500mm, which the Bureau of 
Meteorology states TRC has an annual rainfall of between 600mm and 800mm and 
the PI values can be located in Appendix F – Gravel Test Reports.  
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Figure 5.15 - Particle Size Distribution Range for Unsealed Wearing Course 
 
Of the gravels within or very close to the PSD for the wearing course only three meet 
the maximum PI value of 12 which are the blended material used on Gillespies Dam 
Road in Millmerran District and the natural material used on Bailey and Keeley 
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Roads in Pittsworth District and the second section of Bluff Road in Crows Nest 
District. 
 
The PSD ranges for the base course gravels are based on the maximum stone size in 
the pavement gravel of either 40mm, 30mm or 20mm and if the gravel is a crushed 
rock or natural gravel and together with this the PI needs to be no greater than 6 for 
the where the annual rainfall is greater then 500mm and soaked CBR of greater than 
60. Putting these conditions on the gravels investigated for the project none make the 
grade of a base course gravel as specified by ARRB (2009). In the figure below 
show which gravels meet the PSD ranges for the maximum stone sizes of 20mm and 
40mm. Figure 5.16 shows that the 50/50 blend of Johnson’s and Emu Ck and 
Scrubby Mtn gravel meet the PSD range reasonably closely but exceed the PI index 
value and this is the same for the gravel sourced from the Somerset Regional Council 
for section 2 of Bluff Road as shown in Figure 5.17. Modifications by stabilisation 
would be required to get these gravels to meet the specifications for base course 
gravels and this would need to be investigated as to its economical viability. 
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Figure 5.16 - PSD, Base Course Material (20mm max.) 
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Paticle Size Distribution Graph - Base Course (Max Size 40mm)
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Figure 5.17 - PSD, Base Course Material (40mm max.) 
 
Though the gravels were tested in a NATA registered laboratory the samples 
obtained were not undertaken by the soil testers to the specified procedure so this 
could affect the results in some way. The location from which the samples varied as 
well with some taken from the completed road pavement and the stockpiles which 
could also affect the results due to the further break down of the material during the 
resheeting process. This could be a reason why there are some irregular grading 
curves shown on Figure 5.15 and these pits are Jensen, Boundary and Klein Pits and 
these should be retested with samples from the road pavement. 
 
5.5. Surveys 
To understand how the current standards employed by TRC for their resheet program 
compare to other road authorities a survey was sent out to each district overseer 
within TRC and to the neighbouring Local Government areas and the returned 
surveys forms are included in Appendix H – Survey Results. Of the seven surveys 
sent to TRC overseers only one was completed from Oakey District and four were 
received from the neighbouring Local Governments of Southern Downs, 
Goondiwindi, Western Downs and Somerset Regional Councils from the six requests 
emailed. 
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A review of the responses was undertaken and the approach to the resheeting process 
is similar across all the Councils who responded and to the current processes 
employed by TRC. A summary of the responses are listed below under the headings 
used in the survey. 
 
Pavement Gravels: 
• All use natural gravels sourced from local pits and the conditioning is 
undertaken on the road or in the pit by various process. 
• One council uses a blended gravel of White Rock and a crushed 
maintenance gravel. 
• No test results were received. 
Drainage: 
• All Councils do some form of drainage maintenance during the 
resheet process and this is mainly the redefining of the existing table 
drain 
• Some do culvert maintenance including cleaning out culverts and 
inlet/outlet areas. 
Maintenance Details: 
• Frequency of maintenance grading dependant on traffic and local 
weather events 
• All respondents undertake the maintenance grading in a cyclic 
process and fit in unforseen works when required. 
• Resheeting works identified on a needs basis from knowledge of 
network and field inspections and this information used to compile a 
draft program for budgetary purposes. 
• Resheeting standards exist in all Councils and are implemented and 
currently being reviewed due to amalgamations 
• Local knowledge and experience is also employed by most Councils 
• No Councils have adopted ARRB – Unsealed Road Manual but they 
are using this as a target to strive to. 
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Traffic: 
• The traffic volumes on the unsealed road network are mostly less than 
50 vpd with some getting to between 50 – 100 vpd. 
 
The current approach to gravel resheeting identified in the responses to the survey by 
the neighbouring Councils is very similar to the findings on this project within TRC 
where each district has slightly different approaches that have been adopted from the 
processes that existed prior to amalgamation. 
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Chapter 6 - Conclusions 
In Australia the unsealed road network makes up the majority of roads in the rural 
areas and the maintenance of these roads are primarily undertaken by the local 
Council and there has been significant increases in the traffic using these roads with 
the expanding population and industries in these areas. TRC is experiencing the 
same growth in the rural areas and more and more is being asked of the unsealed 
road network to satisfy the traffic needs. Therefore the unsealed road network is 
required to perform to a higher standard than has been the case in past years. 
 
The process to upgrade these roads to perform under the changing conditions is by 
resheeting the existing road with a new layer of gravel sourced from local pits. As 
natural gravels are a non renewable source and the removal of these gravels over 
many years is leading to a decline of available good quality gravels. With the 
funding constraints of Council being able to adequately provide the necessary funds 
for this resheeting work, there needs to a concerted effort into providing a well 
performing gravel road within the budgeted funds and the available gravel material. 
 
Since amalgamation in 2008 there has been no formal study into the current 
standards used across Council or the instigation of developing a standard for a 
consistent approach to the unsealed road network and this study was identified as a 
start in this process. This study was undertaken to compile data on some of the 
pavement gravels used on the unsealed road network across TRC and to investigate 
these gravels over time to evaluate their performance and to compare them to current 
industry standards. 
 
To provide results for the entire TRC, trial sites were chosen across 7 of the 8 
districts and where possible different gravel sources were a requirement to provide a 
larger sample base. The investigation included undertaking field inspection of the 
road including traffic and roughness surveys and testing of the gravel material used 
on the trial roads and then comparing and evaluating the results to current industry 
standards. 
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It was found that generally across TRC each district is doing the best job possible 
with the gravels available to them. The formulation and treatment of the gravels used 
have been the responsibility of the Overseer in each district and these processes have 
been a legacy brought from the Council’s pre-amalgamation, but now with a broader 
range of experience and knowledge available, some advances in the resheeting 
program should be possible.  
 
To assist in this knowledge transfer an identification of the current construction 
processes employed by each district should be documented so an understanding of 
the types of gravels used and how they are treated to get the best performance. Some 
districts blend gravels together to produce a better gravel and this study shows they 
are performing the best while other gravels need more water added at certain times in 
the resheet process to perform adequately. A lot can be learned from local 
knowledge and experience. 
 
To assist in producing a well performing gravel road attention should be given to the 
surface drainage, road profile and the quality of the gravel pavement. This study has 
revealed that more emphasis is given to producing a good quality gravel for the 
resheet program than the entire road profile. As stated earlier in this report, a good 
quality gravel will not perform if the road profile is not correct and the drainage 
inadequacies are not addressed. Current standards and investigations by road 
research agencies have identified this is the case and to allow this information 
transfer the engineering managers should put in place a training program for the 
employees actually undertaking the resheet works. 
 
Currently the resheet process is to apply a nominal thickness of gravel over the 
existing gravel based on what has previously been done but this process lacks any 
technical design in relation to the traffic volume, loads, heavy vehicle numbers and 
underlying subgrade material. A great amount of funds is put into the resheet 
program in TRC, of some $4.18 Million, which the ratepayers would like to see 
spent in the most cost effective way. There is no merit in completing longer lengths 
of resheets if they do not perform for the same time period as before and require 
additional maintenance expenditure. The alternative to the old process is to have a 
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pavement design undertaken for each gravel resheet where a test of the subgrade and 
existing gravel is performed to allow an informed decision on the quality and 
quantity of gravel is required. 
 
The current approach is to use a single-layered pavement, utilising one type of 
gravel, where ARRB (2009) recommends the use of a two-layered pavement using a 
two types of gravel, a basecourse and a wearing course. As detailed in 5.4 Gravel 
Evaluation and Comparison it would seem that TRC would be required to 
undertake an immense amount of tests and stabilising of the existing gravels to adopt 
the two-layered pavement design of using a wearing and base course as 
recommended by ARRB (2009) when looking at how many of the gravels meet the 
specifications for a wearing/base course. For this reason it is recommended that 
Council continue to work with a one-layer pavement for the unsealed road network 
for low traffic volume roads. 
 
The result of this study shows that there should be more attention paid to the resheet 
processes across TRC to ensure the standard of construction and material properties 
are conforming to the current industry standards and there is a consistent approach in 
the delivery and maintenance of the unsealed road network. As this study has only 
looked at a small sample of the pavement gravels used across TRC, further work 
should be undertaken to assess the suitability of these additional materials. 
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6.1. Further Work 
A more comprehensive study into the pavement gravels used by TRC would further 
assist Council to provide better information to the Engineering section of TRC so as 
to better manage the unsealed road network and the gravel sources. The study of the 
sites covered in this report should continue until another resheet is required as there 
have only been two surveys carried out on these sites and this is no where near 
enough to determine the long term performance of the pavement gravels. Further 
sites should be setup to assess other gravels used across TRC that have not been 
covered by this study. Included in this should be the assessment of all the gravel 
sources used by TRC for their unsealed road network so an assessment can be 
undertaken to their suitability against current industry standards. 
 
Once these sites have been developed, TRC should take on the role to continually 
monitor them so a better understanding of the pavement gravel performance can be 
gained. Together with studying the performance of the natural gravels some trials 
should also be undertaken on applying commercially available stabilising products to 
determine whether stabilisation suit the pavement material currently used by TRC 
and materials of sub-standard quality not being used because of this same reason. 
This may result in finding new sources of material and prolonging the life of existing 
gravel sources. Currently Millmerran, Crows Nest and Oakey Districts employ 
granular stabilising to produce a better quality product and as noted in 5.4 Gravel 
Evaluation and Comparison the product is performing well and granular stabilising 
should be further investigated that may also open up new gravel sources. A cost 
benefit analysis would need to be undertaken when dealing with such an expensive 
option as stabilising.  
 
As stated in this report the subgrade material could have a heavy influence on the 
performance of an unsealed road and the extent of the different soil types should be 
mapped with the investigations carried out as part of this current and future work, 
together with industry standards, construction standards could be developed for these 
different soil types. 
 
 101 
Time and resources did not permit to fully evaluate all aspects of the unsealed road 
network in TRC so roads from 6 of the 8 Districts were studied and with this the 
funding anomalies were unable to be assessed. Currently with the amalgamation 
process still proceeding and district boundaries and historical funding being used for 
current budget allocations and the need to undertake works on a more regional basis 
a review of this process will eventually need to be completed and the need of the 
road network should be the determining factor in budget allocations not district 
boundaries. 
 
This study has identified areas where current processes are performing very well and 
others could do with some improvement and further work in the study on the 
unsealed road network of TRC can only be of benefit to TRC and the wider 
community. 
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Appendices 
Appendix A - Project Specification 
 
 
University of Southern Queensland 
 
FACULTY OF ENGINEERING AND SURVEYING 
 
PROJECT SPECIFICATION 
 
FOR:    Scott HANSON 
 
TOPIC:  IMPROVEMENT AND PERFORMANCE OF PAVEMENT 
GRAVELS USED BY TOOWOOMBA REGIONAL COUNCIL 
FOR UNSEALED ROADS 
 
SUPERVISOR: Professor Ron Ayers – University of Southern Queensland 
John Byrnes - TRC 
 
SPONSORSHIP: TRC 
 
PROJECT AIM:  This project aims to investigate road pavement gravels 
currently used by Toowoomba Regional Council for gravel resheeting 
of unsealed roads. This will involve looking at the range and 
variability of sources, operational problems of different gravels, and 
possible improvements to both the gravels and construction and 
maintenance of the pavements. 
 
PROGRAMME: Issue A, 17
th
 March 2010 
 
1. Research the background information relating to road gravels, and gravel 
pavement improvements and performance, including specifically (for both 
Australia and internationally): 
a. Gravel specification and testing for unsealed roads; 
b. Gravel types used for unsealed roads; 
c. Methods utilised to change gravel characteristics and performance; 
and 
d. Construction and maintenance procedures for unsealed road 
pavements. 
2. Compile data on gravels used by Toowoomba Regional Council (TRC) on its 
unsealed road network. (including location maps of sources and uses, test 
results, traffic volumes, vehicle types) 
3. Compare TRC’s gravel specification with specifications used by other road 
authorities. 
4. Analyse results of tests on TRC pavement gravels and determine suitability 
of current specifications and testing methods. 
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5. Investigate how TRC pavement gravels may be improved to reduce 
maintenance and increase resheet intervention period. 
6. Investigate viability of using commercially available products to improve 
TRC gravel performance. 
7. Identify construction, maintenance and traffic operation methods for TRC 
unsealed gravel pavements that may assist in improving the performance of 
the pavements. 
8. Present information and results in required written and oral formats. 
 
As time permits: 
1. Assess current distribution of funds for gravel road maintenance across TRC. 
2. Identify funding anomalies and difficulties. 
3. Recommend possible improvements in funding allocations. 
 
 
AGREED 
 
STUDENT:  __________________ Scott Hanson  17/3/2010 
 
 
SUPERVISOR: __________________ Ron Ayers         17/3/2010 
 
 
EXAMINER:  __________________      /      /       
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Appendix B – Queensland Local Government Area Map 
 
 
Source: www.dip.qld.gov.au 
Toowoomba 
Regional Council 
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Appendix C – Inspection Sheets 
C1 - Clifton District 
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C2 - Crows Nest District 
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C3 - Oakey District 
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C4 - Millmerran District 
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C5 - Pittsworth District 
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C6 - Goombungee District 
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C7 - Toowoomba District 
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Appendix D – Traffic Count Reports 
 
D1 - Clifton District 
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D2 - Crows Nest District 
 
 
 
 Class 
Road 1 2 3 4 5 6 7 8 9 10 11 12 
Crows Nest - Blackbutt 
Rd (Pierces Creek 
Road) 
571 18 28 3 1 1 1 2 3 0 0 0 
Crows Nest - 
Toogoolawah Rd (Bluff 
Rd) 
33 1 2 1 0 0 0 0 1 0 0 0 
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D3 - Millmerran District 
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D4 - Pittsworth District 
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D5 - Goombungee District 
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Appendix E – Roughness Reports 
 
E1 – Sample Roughometer Outputs - Pierces Creek Road 
 
Graph Output 
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E2 – Sample GPS Output 
 
 
 
Resheet 
Section 
Sealed 
Section 
Roughometer GPS map output 
Pierces Ck Rd – Crows Nest 
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Appendix F – Gravel Test Reports 
 
F1 - Clifton District 
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F2 - Crows Nest District 
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F3 - Oakey District 
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F4 - Millmerran District 
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F5 - Pittsworth District 
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F6 - Goombungee District 
 
 No official result sheet from laboratory was available due to the computer 
experiencing problems. The soil tester sent through the results of the test and they 
are noted below. 
 
 
Pit Jensen’s Pit Boundary Pit 
Grading (Sieve Size) % Passing 
53.0 100 100 
37.5 94 89 
19.0 77 66 
9.5 46 47 
4.75 27 35 
2.36 20 26 
0.425 11 19 
0.075 7.2 13 
Atterberg Limits 
Liquid Limit (LL) 28.8 43.8 
Plastic Limit (PL) 17.2 21.8 
Plasticity Limit (PI) 11.6 22 
Linear Shrinkage (LS) 6.2 11 
Fines Ratio 0.63 0.68 
PI x % pass 0.425mm 132 416 
LS x % pass 0.425mm 70 208 
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Appendix G – Volker Road Inspections 
 
G1 - Level Run 1 
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G1 - Level Run 2 
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G1 - Level Run 3 
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G1 - Level Run 4 
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Appendix H – Survey Results 
 
H1 – Somerset Regional Council 
 
 
Pavement Gravels for Unsealed Road Survey 
Reason for Survey: I am in the final year of study for Bachelor of Engineering (Civil) 
and am required to complete a research project. I have chosen to review the 
performance of the pavement gravels in Toowoomba Regional Council. 
 
I would like to compare our processes for the unsealed road network to other local 
authorities. It would be beneficial if you could complete the survey and return it by 
Friday 15 October 2010. 
 
1.0  Council Details 
Local Authority: Somerset Regional Council 
Contact Details:  
Name: George Winter – Works Technical Officer email:
 gwinter@somerset.qld.gov.au   
Phone: (07) 5424-4048  Mobile:      
 
Length of unsealed roads: 592 gravel + 166 formed only km 
Approximate annual budget:  $ 
Average length resheeted / year  km 
Average resheet intervention period:   years 
Comments:           
           
            
 
2.0 Pavement Gravel 
Gravel Sources: 
Council Pits: Yes / Commercial Quarries:   Yes / Private Pits Yes / No 
Gravel Quality: (non manufactured gravels) 
Current Gravel Quality Acceptable Yes /  
If No, please explain:         
           
            
Are blends of material used to improve gravel quality: Yes / If Yes, please explain: 
(What materials are used and at what ratio, eg. White rock 70% Crushed rock 30%) 
Weathered sandstone 50%  crushed maintenance gravel 50% [purchased] 
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Overall Performance is OK:  Yes /Please forward any test results for gravels used for 
resheeting. (grading, atterbergs) 
3.0 Drainage Details 
Drainage works: 
Are drainage issues addressed during resheeting works:  Yes / If No, reasons why 
Budget constraints:  Yes / No  Time constraints:  Yes / No 
Normal procedure  Yes / No  Done at other times:  Yes / No 
If Yes, what is the extent of work: 
Minimal amount as required:  Yes / Redefine original drain:  Yes /  
Clear culvert inlet/outlet;  / No  Clean out culverts;  / No 
I inspect all drainage structures once in the process of  recording location, type and 
condition of structure. Any work such as cleaning pipes or inlets, replacing guide 
posts etc that is necessary I request through Council’s Customer Service Request 
System (CSR) for each road. Work is then done as resources allow if not already 
done during routine maintenance or resheeting. 
4.0 Maintenance Details 
Maintenance Grading: 
How are maintenance activities undertaken? 
Cyclic process:  Yes /  Adhoc process:  / No 
Complaints driven:  / No 
However, urgent maintenance in response to CSR’s may be done out of sequence if 
rated urgent by the foreman inspecting all CSR’s. 
Average maintenance period: 6 to 24 months or longer depending on weather 
conditions, traffic etc 
Gravel Resheeting 
How are gravel resheets programmed? 
Needs basis:  Yes / Complaints driven:  / No 
Time between treatments Yes / No  (e.g every five years) 
Average resheeting period: _2 to 5 years depending on traffic and weather condtions. 
Standards 
Are the maintenance and resheeting works undertaken to a specific standard: Yes / 
No 
(eg. Standard crossfall, min. or max. width, drainage upgraded.) 
If so, to what standard: ARRB – Unsealed roads manual  [Target] 
    Council standards Adhered to 
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    Local Knowledge May influence practice on some 
roads. 
    Others 
Comments: Where practicable, gravel from Council’s gravel pits is used for 
maintenance in the northern part of Somerset Region [mainly north of Esk]. Where 
gravel in these pits becomes too coarse for economical use on maintenance, Council 
arranges for contract crushing of gravel.  In the southern part of the region, the only 
material available from Council pits are weathered sandstone and fair quality ridge 
gravel the latter in limited supply.  Depending on location, either sandstone or a 
blend of sandstone with purchased maintenance gravel is used. 
5.0 Traffic 
Average traffic using the unsealed road network. 
Average AADT: < 50, 50<100  many unsealed roads are about ADT 25 to 50, 
while ADT 150 - 200 is the trigger for sealing gravel roads.  
Average % heavy vehicles: probably 10%, range from 5 to 25%. Often lower overall 
traffic volumes correspond to higher % CV where  stock & fodder transport makes 
up a fair proportion of traffic. 
 
As far as materials are concerned, I have found that some materials with pozzolanic 
properties seem to perform better than others.  These materials include lime-rich 
gravels such as weathered volcanic rocks, limestone and other sedimentary rocks, 
and metamorphic rocks derived from them.  Also, some gravels in the vicinity of low 
grade coal seams [eg in the Walloon Coal Measures) exhibit these properties. Such 
materials tend not to ravel out under traffic, and hold well on steep hills where 
scouring is often a problem. 
In the granite areas between Esk and Crows Nest, experience has led Council to mix 
raw or crushed basalt gravel with decomposed granite to improve wear and reduce 
scouring.   
 
 
Thank you for taking the time to fill out this survey for my study. 
 
Could you please return it by email to scott.hanson@toowoombaRC.qld.gov.au or 
fax to 07 – 4693 1182 
 212 
H2 – Goondiwindi Regional Council 
 
Pavement Gravels for Unsealed Road Survey 
Reason for Survey: I am in the final year of study for Bachelor of Engineering (Civil) 
and am required to complete a research project. I have chosen to review the 
performance of the pavement gravels in Toowoomba Regional Council. 
 
I would like to compare our processes for the unsealed road network to other local 
authorities. It would be beneficial if you could complete the survey and return it by 
Friday 15 October 2010. 
 
1.0  Council Details 
Local Authority: Goondiwindi Regional Council    
Contact Details: 
Name: Dave Burges    email: dburges@grc.qld.gov.au 
     
Phone: 4671 7449    Mobile:    
  
 
Length of unsealed roads: 1732  km 
Approximate annual budget:  $1.37M routine maintenance. Resheets vary  
  
Average length resheeted / year 40  km but need to do about 70km 
Average resheet intervention period: 20  years 
Comments: Intervention period varies from 10 to 30 years. Data still being collected 
due to amalgamations         
           
           
  
 
2.0 Pavement Gravel 
Gravel Sources: 
Council Pits: Yes  Commercial Quarries:   No 
Private Pits Yes  
Gravel Quality: (non manufactured gravels) 
Current Gravel Quality Acceptable  No 
If No, please explain: Locally sourced naturally occurring materials. Gravel quality 
is often very substandard with a predominance of white rock   
           
           
       
Are blends of material used to improve gravel quality: No 
If Yes, please explain: (What materials are used and at what ratio, eg. White rock 
70% Crushed rock 30%)         
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Overall Performance is OK:  Technically no but no alternatives available and these 
materials have sufficed for many years although larger and heavier vehicles may 
be having an adverse impact in recent years 
Please forward any test results for gravels used for resheeting. (grading, atterbergs) 
3.0 Drainage Details 
Drainage works: 
Are drainage issues addressed during resheeting works:  Yes 
If No, reasons why 
Budget constraints:  Yes / No  Time constraints:  Yes / No 
Normal procedure  Yes / No  Done at other times:  Yes / No 
If Yes, what is the extent of work: 
Minimal amount as required:  Yes  Redefine original drain:  Yes  
Clear culvert inlet/outlet;  No  Clean out culverts;  No  
4.0 Maintenance Details 
Maintenance Grading: 
How are maintenance activities undertaken? 
Cyclic process:  Yes   Adhoc process:  Yes / No 
Complaints driven:  Yes (somewhat ie where complaints are genuine, particularly 
on bus routes etc) 
Average maintenance period:grading depends on weather and road class / traffic. 
Ranges from once per year very minor roads to 3 or 4 grades per year for more major 
roads   months 
Gravel Resheeting 
How are gravel resheets programmed? 
Needs basis:  Yes   Complaints driven:  No 
Time between treatments Yes   (e.g every five years) We use the theoretical time 
(life) to come up with a draft program which is then ground truthed and prioritised 
every year prior to setting budget and program. 
Average resheeting period:_Varies from 10 to 30 years depending on road, location, 
terrain etc__________ years 
Standards 
Are the maintenance and resheeting works undertaken to a specific standard:  No 
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(eg. Standard crossfall, min. or max. width, drainage upgraded.) 
If so, to what standard: ARRB – Unsealed roads manual 
    Council standards  We use council standards for 
width etc but do not check for depth / compaction / quality etc. Unit rates vary 
depending on gravel cartage but we allow $22,500 to $30,000 per km for budget 
purposes 
    Local Knowledge 
    Others 
Comments:___________________________________________________________
____________________________________________________________________
____________________________________________________________________
____________________________________________________________________
____ 
6.0 Traffic 
Average traffic using the unsealed road network. Generally low <50 with some roads 
in the 50 – 100 category 
Average AADT: < 50, 50<100 100< 200 >200 
Average % heavy vehicles: Generally high say 20% to 35%___________ 
 
Thank you for taking the time to fill out this survey for my study. 
 
Could you please return it by email to scott.hanson@toowoombaRC.qld.gov.au or 
fax to 07 – 4693 1182 
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H3 – Western Downs Regional Council 
 
Pavement Gravels for Unsealed Road Survey 
Reason for Survey: I am in the final year of study for Bachelor of Engineering (Civil) 
and am required to complete a research project. I have chosen to review the 
performance of the pavement gravels in Toowoomba Regional Council. 
 
I would like to compare our processes for the unsealed road network to other local 
authorities. It would be beneficial if you could complete the survey and return it by 
Friday 15 October 2010. 
 
1.0  Council Details 
Local Authority: Western Downs - Chinchilla Tara Distict    
Contact Details:  
Name: David Fletcher  email: david.fletcher@wdrc.qld.gov.au  
Phone:     Mobile:0488 741 744     
 
Length of unsealed roads: 2000  km 
Approximate annual budget:  $2.5M    
Average length resheeted / year  60km 
Average resheet intervention period:   12years 
Comments:           
           
            
 
2.0 Pavement Gravel 
Gravel Sources: 
Council Pits: Yes Commercial Quarries:   No 
Private Pits Yes /  
Gravel Quality: (non manufactured gravels) 
Current Gravel Quality Acceptable Yes /  
If No, please explain: Generally most gravels are suitable. Some gravels have 
weakness in there performance. Some not good in wet weather, others not good in 
dry weather (go to bull dust)        
           
            
Are blends of material used to improve gravel quality: / No 
If Yes, please explain: (What materials are used and at what ratio, eg. White rock 
70% Crushed rock 30%)         
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Overall Performance is OK:  Yes / No 
Please forward any test results for gravels used for resheeting. (grading, atterbergs) 
3.0 Drainage Details 
Drainage works: 
Are drainage issues addressed during resheeting works:  Yes  
If No, reasons why 
Budget constraints:  Yes / No  Time constraints:  Yes / No 
Normal procedure  Yes / No  Done at other times:  Yes / No 
If Yes, what is the extent of work: 
Minimal amount as required:  Yes Redefine original drain:  Yes  
Clear culvert inlet/outlet;  Yes /  Clean out culverts;  / No 
4.0 Maintenance Details 
Maintenance Grading: 
How are maintenance activities undertaken? 
Cyclic process:  Yes /  Adhoc process:  Yes / No 
Complaints driven:  Yes / only on a limited degree 
Average maintenance period:   varies from 4-5 times per year to every 
18 months. months 
Gravel Resheeting 
How are gravel resheets programmed? 
Needs basis:  Yes /  Complaints driven:  Yes / very limited, provides 
assistance in programming resheets 
Time between treatments Yes / No  (e.g every five years) 
Average resheeting period:___________12 years 
Standards 
Are the maintenance and resheeting works undertaken to a specific standard: Yes /  
(eg. Standard crossfall, min. or max. width, drainage upgraded.) 
If so, to what standard: ARRB – Unsealed roads manual 
    Council standards 
    Local Knowledge 
    Others 
Comments:__Combination of the 
above_______________________________________________________________
____________________________________________________________________
____________________________________________________________________
___ 
7.0 Traffic 
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Average traffic using the unsealed road network. 
Average AADT: < 50,  
Average % heavy vehicles: _20-30%__________ 
 
Thank you for taking the time to fill out this survey for my study. 
 
Could you please return it by email to scott.hanson@toowoombaRC.qld.gov.au or 
fax to 07 – 4693 1182 
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H4 – Southern Downs Regional Council 
 
Pavement Gravels for Unsealed Road Survey 
Reason for Survey: I am in the final year of study for Bachelor of Engineering (Civil) 
and am required to complete a research project. I have chosen to review the 
performance of the pavement gravels in Toowoomba Regional Council. 
 
I would like to compare our processes for the unsealed road network to other local 
authorities. It would be beneficial if you could complete the survey and return it by 
Friday 15 October 2010. 
 
1.0  Council Details 
Local Authority:Southern Downs Regional Council  
Contact Details: 
Name:  Brian Weeks email: brian,weeks@southerndowns,qld.gov.au 
Phone: 07 46610413 Mobile:0408 953775  
 
Length of unsealed roads:  1800 km 
Approximate annual budget:  $750,00 (Resheeting Capital) $600,000 (Resheeting 
Maintenance) 
Average length resheeted / year 30  km 
Average resheet intervention period:   years 
Comments:  Resheeting as Capital works has only been running for around 5 years 
with previous funding of $200,000. Resheeting intervals still work in progress 
           
           
         
 
2.0 Pavement Gravel 
Gravel Sources: 
Council Pits: Yes Commercial Quarries:   Yes / 
Private Pits Yes / 
Gravel Quality: (non manufactured gravels) 
Current Gravel Quality Acceptable Yes / 
If No, please explain: in most circumstances it is new gravel sources are tested prior 
to use on roads very basic tests.       
           
           
  
Are blends of material used to improve gravel quality: No 
If Yes, please explain: (What materials are used and at what ratio, eg. White rock 
70% Crushed rock 30%)  Southern Downs Area has varying geological make 
ups, in the southern area it is Granite, to the west ridge gravel and some mud rock, 
areas of Lime stone in East and West (Quarry). And trap rock, some areas benefit 
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from crushing in Council and Private pits to 20mm nominal size.    
           
           
   
Overall Performance is OK:  Yes / 
Please forward any test results for gravels used for resheeting. (grading, atterbergs) 
3.0 Drainage Details 
Drainage works: 
Are drainage issues addressed during resheeting works:  Yes /  
If No, reasons why 
Budget constraints:  Yes / No  Time constraints:  Yes / No 
Normal procedure  Yes / No  Done at other times:  Yes / No 
If Yes, what is the extent of work: 
Minimal amount as required:   / No Redefine original drain:  Yes / 
Clear culvert inlet/outlet;  Yes /   Clean out culverts;  Yes /  
4.0 Maintenance Details 
Maintenance Grading: 
How are maintenance activities undertaken? 
Cyclic process:  Yes /   Adhoc process:   / No 
Complaints driven:  Yes / No 
Average maintenance period: 6  months 
Gravel Resheeting 
How are gravel resheets programmed? 
Needs basis:  Yes / No Complaints driven:  Yes / No 
Time between treatments Yes / No  (e.g every five years) 
Average resheeting period:___________ years 
Resheeting report starts with information from Supervisors, Traffic Needs and 
Requests, Roads are inspected by Technical Officer prior to Writing Report 
Standards 
Are the maintenance and resheeting works undertaken to a specific standard: Yes /  
(eg. Standard crossfall, min. or max. width, drainage upgraded.) 
If so, to what standard: ARRB – Unsealed roads manual 
    Council standards 
    Local Knowledge 
    Others 
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Comments:Still work in 
Progress_____________________________________________________________
____________________________________________________________________
____________________________________________________________________
________________________________________________ 
8.0 Traffic 
Average traffic using the unsealed road network. 
Average AADT: < 50, 50<100 100< 200 >200 
Average % heavy vehicles: ___________ 
 
Thank you for taking the time to fill out this survey for my study. 
 
Could you please return it by email to scott.hanson@toowoombaRC.qld.gov.au or 
fax to 07 – 4693 1182 
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H5 – Oakey District, TRC 
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